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PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



For: HEAD SUPPORT MECHANISM, 
INFORMATION RECORDING/REPRODUCING 
APPARATUS, AND METHOD OF 
MANUFACTURING HEAD SUPPORT 
MECHANISM 



Assistant Commissioner for Patents 
Washington, DC 20231 

SIR: 

Prior to examination, please amend the above-identified application 

as follows: 

SPECIFICATION : 

On page 1, line 7, insert -THIS APPLICATION IS A U.S. 
NATIONAL PHASE APPLICATION OF PCT INTERNATIONAL 
APPLICATION PCT/JP99/05061-. 



Please replace the paragraph, beginning at page 21, line 17, with 
the following: 

Figures 24A, 24B and 24C are diagrams showmg relative positions 
of a driving element of an acmator portion and a disk surface according to 
Embodunent 9. 



Applicant: Kazuo Yokoyama et al. 
Serial No. : To Be Assigned 
Filed: Herewith 



Art Unit: 
Examiner: 



PRELIMINARY AMENDMENT 
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Please replace the paragraph, beginning at page 22, liae 25, with 
the following: 

Figures 30A and SOB are diagrams illustrating still another 
example of a restraint alleviation means for an actuator according to 
Embodiment 10. 

Please replace the paragraph, beginning at page 49, line 10, with 
the following: 

The drivmg principles for head support mechanism 800 according 
to Embodiment 8 will be described. Figure 22 A is a perspective view 
illustrating the expansion/shrmkage of the driving sub-means 15a and 15b 
formed on the head support mechanism 800 after the application of a driving 
voltage. Figure 22B is a perspective view illustrating the translation of the head 
support mechanism 800 after the application of a driving voltage. 

Please replace the paragraph, beginnmg at page 49, Ime 20, with 
the following: 

With reference to Figure 22A, when drivmg voltages are applied 
such that the driving sub-means 15a and 15b will expand or shrink in reverse 
phases, the drivmg sub-means 15a shrmks m the direction of an arrow DD, 
whereas the driving sub-means 15b expands in the direction of an arrow FF. 
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Please replace the paragraph, beginning at page 49, line 27, and 
continuing to page 50, line 3, with the following: 



With reference to Figure 22B, when driving voltages are applied to 
the driving sub-means 15a and 15b in reverse phases so that an absolute value of 
the driving voltage to the driving sub-means I5b is sufficiently greater than an 
absolute value of the drivmg voltage to the driving sub-means 15a, a portion of 
the flexure 4 on which the driving sub-means 15b is formed has a sufficiently 
large warp in the direction of an arrow Rl, whereas a portion of the flexure 4 on 
which the driving sub-means 15a is formed has a small warp in the direction of 
an arrow R2. 

Respectfully Submitted, 



Daniel N. Calder, Reg. No. 27,424 
Attorney for Applicants 

Enclosures: 

Check for $2,174 

Version with markings to show changes made 

Dated: March 16, 2001 
P.O. Box 980 

Valley Forge, PA 19482-0980 
(610) 407-0700 

The Assistant Commissioner for Patents is 
hereby authorized to charge payment to 
Deposit Account No. 1 8-0350 of any fees 
associated with this communication. 

EXPRESS MAIL Mailing Label Number: EJ9141 96823US 

Date of Deposit: March 16, 2001 

I hereby certify that this paper and fee are being deposited, under 37 C.F.R. § 1.10 and with 
sufficient postage, using the "Express Mail Post Office to Addressee" service of the United States 
Postal Service on the date indicated above and that the deposit is addressed to the Assistant 
Commissioner for Patents, Washington, D.C. 20231 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

SPECIFICATION : 

Specification at page 1, line 7: 

THIS APPLICATION IS A U.S. NATIONAL PHASE 
APPLICATION OF PCT INTERNATIONAL APPLICATION 
PCT/JP99/05061. 

Specification beginning at page 21, line 17: 

[Figure 24 is a diagram] Figures 24A, 24B and 24C are diagrams 
showing relative positions of a driving element of an actuator portion and a disk 
surface according to Embodiment 9. 

Specification beginning at page 22, line 25: 

[Figure 30 is a diagram] Figures 30A and SOB are diagrams 
illustrating still another example of a restraint alleviation means for an actuator 
according to Embodiment 10. 



Specification beginning at page 49, line 10: 

The driving principles for head support mechanism 800 according 
to Embodiment 8 will be described. Figure [22] 22A is a perspective view 
illustrating the expansion/shrinkage of the driving sub-means 15a and 15b 
formed on the head support mechanism 800 after the application of a driving 
voltage. Figure [22] 22B is a perspective view illustrating the translation of the 
head support mechanism 800 after the application of a driving voltage. 
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Specification beginning at page 49, line 20: 

With reference to Figure [22] 22A, when driving voltages are 
applied such that the driving sub-means 15a and 15b will expand or shrink in 
reverse phases, the driving sub-means 15a shrmks in the direction of an arrow 
DD, whereas the driving sub-means 15b expands in the direction of an arrow 
FF. 

Specification beginning at page 49, Ime 27, and continuing to page 

50, line 3: 

With reference to Figure [22] 22B, when driving voltages are 
applied to the driving sub-means 15a and 15b m reverse phases so that an 
absolute value of the driving voltage to the driving sub-means 15b is sufficiently 
greater than an absolute value of the driving voltage to the driving sub-means 
15a, a portion of the flexure 4 on which the driving sub-means 15b is formed has 
a sufficiently large warp in the direction of an arrow Rl, whereas a portion of 
the flexure 4 on which the driving sub-means 15a is formed has a small warp in 
the dh-ection of an arrow R2. 
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DESCRIPTION 

HEAD SUPPORTjyaSHMIgBL ^FORMAT RBCORDING/REP RDDUCING 
APPARATUS. AND METHOD 01^ MANU FACTURING 
HEAD SUPPORT MECHANISM 



TECHNICAL FIELD 

The present Invention relates to a head support 

10 raeahanlsm, an inronnatlon recording /iepxoduoing apparatus 
incorporating the same, and a method of manufacturing the 
head support meuhaiiiHiii. More particularly, the present 
invention relates to a head support mechanism including a 
micro -movement driving means, aud mi Information 

15 recording/reproducing apparatus incorporating the sam©^ 
and a method of manufacturing Lh© head support mBctianlsm- 



BACKGROUND ART 

20 Magnetlo dieK apparatuses as information 

recording/reproducing apparatuses have bean used as chief 
external memory devices for computers hecause of their large 
capacity, high transfer rates, and high-speed random access 
capabilities. In particular y there is a marked recent 

25 trend toward larger capacity magnetic disk apparatuses, the 
density being increased at an annual rate of 60^. 
Correspondingly^ the size of bit cells recorded in a disk 
is decreased, leading to a need for even narrower tracks- 
For example, in order to achieve an areal recording density 

30 of 20 to 40 Gbits/in^, a sub-mj.cron trac3c pltcn of a, 35 \m 
or less is expected to be required. Precise and high-speed 
tracking control is being purauAd for the stabilization of 
signals in recording and reproduulag Informallon on such 
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narrow tracks , 



A convantional magnatie dieJc apparatus typically 
has a head for recording and reproducing Information on a 
5 disk medium^ a slider carrying the head, a head support 
mecnanlsm for supporting ttie head via the slider, and a 
driving means for causing the head to track to a 
predetermined position on the dlsJc medium via the head 
support mechanism. In conventional disk apparatuses^ the 
10 driving means is generally implemented as a single stage 
of a rotary VCM (voice coil motor). 

Such a single-stage driving means Imposee some 
limits to the realization of high-pred ft1on tracking for 

15 the alDOve-described narrow track pitch on the order of 
sub*»mlcrQns . Various technlqwesi have heen devised in 
which a second stage of a micro -movement driving means is 
need in addition to the first stage or the main driving means . 
h& such a two -{Stage controlled actuator, a mode in which 

20 a head support meohaniBm (i- e,, suspension) is driven, a 
mode in which a slider is driven^ a mode in which a head 
element is mounted on a slider, and the like, have been 
devised . 

25 The functions of a head support mechanism o£ a 

magnetic disk apparatus include pressuring a slider toward 
a disk against a force acting on the slider due to the 
proximity flying, or contact with, a rotating disk, causing 
the slider to track a waving disk surface, and the like. 

30 Accordingly, the head support mechanism is composed of a 
plurality of members so that these functions are assigned 
to the individual members, 1?he member for serving the 
former function is referred to as a load beam. The member 
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for serving the latter function is referred to as a flexure 
or giznbal (hereinafter referred to as a "fl&xurd"). 

Japanese Laid-open Publication No, 9-73746 
0 disaloses a head support meahanlsm including micro -movement 
driving means euch that first and second piezoeleotrio thin 
films are provided m parallel on one surface of a load beam 
in a longitudinal direction thereof, and third and fourth 
piezoelectric thin films are provided facing the opposite 

10 surface. However, in order to obtain a large displacement 
for enabling tracking in this structure, it is necessary 
to escpand or contract (deform) the piezoelectric thin films 
against a substantial inplame rigidity, which requires a 
high driving voltaic {c» g. ^ 50 V} because the expansion 

15 and contraction dlrectiana (displacement direction) of the 
piessoelectrio thin film ore within the plane of the 
piezoelectric thin film. 

Japan Society of Mechanical FInginaara, the 75th 
20 Ordinary General Meeting Convention Speech Papers (IV) 
(1998, March 31 to April 3, Tokyo), pp. 20R~2ti9 d-tsclofles 
a two* stage controlled actuator mounted on a back face of 
a slider- This amounts to a driving mode in which 
piezoelectric oer amies are employed as micro -movement 
25 driving means, and in which a multi- layer structure is 
adopted in order to r.educe a driving voltage. A multi- 
layer structure including a multitude of layers is designed 
ao as to reduce a driving voltage. In this case, too, Lhe 
expansion and contraction direct ions (displacement 
30 direction) of the . piezoelectric cerarjiics are within the 
plane of the piezoelectric ceramios multi-layer structure . 
Therefore, the piezoelectric ceramics need to be expanded 
or oontraoted (deformed) against a substantial inplane 
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r±g±djLty, which iHsadvantageouely requires a considerably 
high applied driving voltage (e. g., 20 V), similar to ttie 
abovd-daecribad convantional exfiutiple disclosed in Japanooe 
Laid-open Publication No. 9-73746. Since this two-stage 
5 controlled actuator is o£ a type which is mounted on the 
baoK face of a slider, a thickness of the magnetic aisJc 
apparatus in a height direction thereof is increased, which 
hinders the reduction in size and thicJcnesa of the magnetic 
disk apparatus. 

10 

An applied driving voltage of several tens of volts 
is requirefl for th« a hove- described conventional micro- 
movement driving means. Whereas a typical reproduction 
signal in a magnetic disk apparatus i s gftnflrally on the order 
15 of millivolts, the driving voltage for the above- described 
conventional micro-movament driving means is on the order 
of several tens of volts. Therefore^ some influence is 
expected on the reproduction signal due to the driving of 
the micro -movement driving means* 

20 

With the above-described conventional example, it 
may be difficult to obtain a large displacement for tracking 
along a tracking direction, or a high driving voltage may 
be required to obtain a large displacement, indicative of 
25 problems associated with a poor driving efficiency. 

1/ 

Furthermore, there are sLructural disadvantages in 
view of reduction in size and mass of the magnetic disk 
apparatus . The present invention was made in order to solve 
30 these conventional problems. 

An objective of the present invention ia to provide; 
a head support mechanism including micro-movament driving 
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moans which realizes high-speed and high-precision tracXing 
so as to be compatible with narrow track pitchae required 
due to an increaaliig aieal recording density while the 
micro -movement driving means is easy to produce and. ie driven 
5 with a low dr'lvlng voltage at a practical level; an 
information recording/reproducing apparatus incorporating 
the same; and a method of manufacturing tiie head support 
mcohanism . 

10 DlSCItOSUI^ OF Tim INVENTION 

A head support mechanism according to the present 

invention is a head support mechanism ctwnpriaing a head and 
a slider for carrying the head^ the head being oaueed to 

15 traoX by j:»ain driving means, wherein: the head support 
mechanism further comprises driving sub-means comprising 
a thin film and causing the head to have a micro -movement ? 
and the driving sub-means causes the head to have a 
micro -movement by utilizing flexural deformalion of Lhe 

20 thin film. As a result, the aforementioned objective of the 
present invention is accomplished, 

The Lhin'film may have a film thickness equal to or 
lose than 10 Mm, 

25 

The thin film ^pay be formed on a base material and 
has a film tnicKness eguai to or less than 10 urn: and the 
thin film may be formed on the base material by using a film 
growth process, 

30 

The filiti growth process may comprise a direct film 
growth process. 
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The film giuw Lh process may comprise a transcription 

procaee. 

Tha thin film and the elider may ba disposed along 
5 a tracKing direction of tHe head. 

An information recording/reproducing apparatus 
^ I 

according to the present invention is an information 

recording/ reproducing apparatus coiiiprlaings a haad support 

10 mechanism having a head and a slider for carrying the head; 

main driving means for causing the hAad to track via the 

head aupport mechanism, so that information on a disk is 

recorded/reproduced by means of the head, wherein: the head 

O aupport mechoniam comprises driving aub-means comprising 

IS a thin -Mlm and causing the riAad to have a micro -movement ; 

m and the driving sub -means causeas the head to have a 

'J micro -movement by utilizing flexural da-Formation of the 

:{! thin film. As a result, the aforementioned objective of the 

present invention Is acaompllahftd. 

r 20 

O fpha thin film may be formed so that the thickness 

S'V direction substantially coincides with a tracking direction 

U the bead- 

25 The thin film may have a film tblnlcnflfifi ftqual tn or 

less than IQ/^m* 

A main portion of a member comprised by Iho drlvlna 
sub-means may be disposed in a space within the thickness, 
30 from the disk surface^ of the slider* along a height 
direction. 



Tha driving eub-meane may be in the vicinity of a 
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position along a height dlrcorlon from the dis3c surface of 
a center of gravity of the slider ► 

The head oupport meohanism may include a plurality 
5 of thin plate spring portions -froririAd substantially 
perpendicular to the disk surface. 

The driving sub-means further may comprise a lidae 
material to function as an actuating plate; and the bass 
10 material may comprise a spring material. 

The driving sub-means may be or a piezoeleotric type , 
alectrofitatic t3fpe, elsctromagnetie type, magnstostrictive 
type, or shape memory alloy type. 

16 

The driving sub -means may Gompr-ise a piezoelectric 
material, electrostrictlve material, or magnatostrictiva 
material- 

20 The head support mechanism may comprise: a Tirst 

member coupled to the slider j and a second member coupled 
to the main driving means, wherein the driving sub-means 
may be formed on the first member. 

2^ The first member may comprise a flexure for causing 

the slider to follow the disk surface. 

\* 

The first member may further comprise a thin metal 
plate I the thin metal plate includeB a bent portion which 
30 is formed by bending; and the driving sub-means may be f ormeca 
on the bent portion. 

The bent portion may be bent in a direction which 
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aulas tantiaJLly perpandloular to the diek aurfao©; and til© 
bent portion may include a grooved portion for enhancing 
the prooesaing precision of the bending. 

5 The bent portion may be formed so that its bent 

height dimension is smaller than a dimension of the slider 
along a first direction which is a rotation axis direction 
of thft disk; and a dimension of tha driving sub-means along 
the first direction may be smaller than the dimension of 
10 the slider along thft first direction. 

The head support mechanism may further comprise a 
driving sub-means formation member on which the driving 
sub-maana is formed; and recording/ reproducing signal 
15 wiring coupled to the head may be lormed on the driving 
sub-means forTnation member . 

The head support mechanism may include a plurality 
of parallel spring portions formed substantially 
20 perpendicular to the disk surface; the driving sub-means 
may be formed on the plurality of parallel spring portions? 
and the driving aub-maana may translate the head along a 
tracking direction. 

25 The head support mechanism may include a plurality 

of plate spring portions disposed in a radial arrangement 
from a rotation center; the driving sub-means may be formed 
on the plurality of plate spring portions,- and the driving 
sub -means may rotate the slider around the rotation center, 

3U and cause the head to have a micro -movement along a tracking 
direction. 



The plurality of plate spring portions may comprise 
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a plate spring portion Ixavlng a longiruflmai airectlon along 
the traaklng dlreotlon. 

The plxirallty of plate spring portlona may comprise 
5 a plate spring portion having a longitudinal direation along 
a direction substantially perpendicular to the tracking 
dlraatlOTi - 

The head support meahanism may comprise a pair o£ 
10 driving sub-means. 

The driving sub-moans may be located so as to be 
svibstantially parallel to a direation in which the slider 
is disposed. 

IS 

The driving aub-means may be disposed in such a 
mannar that axtanaionB of: dIrAcstions in which the driving 
sub-means are disposed constitute pradetexitilued anglea wlt:h 
rAspect to an extension of a direction in which the slider 
20 is disposed, so as to intersect at a leading end of the head 
support mechanism. 

The driving sub-means may constitute an angle equal 
to or greater than 15** with a plane perpendicular to disk 
2fi surface * 

The head support mechanism may further eomprisft a 
first member coupled to the slider; the driving sub-means 
may be formed on the first member; and the driving sub- 
30 meaiis may be disposed In such a manner that a canter of 
gravity of the first member is located in the vicinity of 
an Intersection between extensions of directions in which 
the driving sub -means arc disposed. 
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THe nead support mechanism may comprise two or more 
pairs of driving sub -means. 

S Th.^ driving aub-means may be formed by using a 

semiconductor process. 

The driving sub -means may comprise restraint 
alleviation means for restraining at least a portion of the 
10 thin film. 

The restraint alleviaticm means may comprise means 
for weakening the rigidity of the driving sub-mea;nSp 

15 The restraint alleviation meana may coniprlflo a 

spring structure. 

The restraint alleviation means may ccmpriae a low 
rigidity material, 

20 

The restraint alleviation means may comprise wiring 
for applying to the thin film a driving voltage for driving 
the thin film. • , 

25 The Information recording/reproducing apparatus 

may further comprise control means for controlling the main 
driving means and the driving sub-means. 

The thin film may be formed on a base material ; and 
30 the thin film may be formed on the base material by using 
a film growth process. 

The film growth process may comprise a direct film 



ZUUlif lifll4. 



- 11 - P21480 

growth process , 

The thin film may comprlee a metal film, an 
unaerlylng layer, a thin film piezoelectric, ana a metal 
5 electrode film, whlah are oegucntially layered on the base 
material • 

The thin film may cDmprise an insulation fl.lm, a 
metal film, an underlying layer, a thin film piezoeleotria, 
10 and a metal electrode. film ^ which arft sequentially layered 
on the base material. 

The thin film may comprise a metal film, an 
underlying layer, a thin film piezoelectric, and a metal. 
15 electrode film, which arc sequentially layered on the base 
material in a vacuum chamber. 

^?he thin film may aomprise an insulation film^ a 
metal film, an underlying layer i a thin film piezoelectric , 
20 and a mfital ftlectroda f 1 im, which are sequentially layered 
on the base material in a vacuum chamber* 

The thin fdLlm may comprise <a metal film; and the 
metal film may be farmed by either a vaetium proc«flfi or a 
25 proceed in a liquid. 

The film growth process may comprise a transcription 

process - 

HO The thin film may be formed of a multilayer film 

having a metal film, a thin film piezaelectrlc, an underlying 
layer, and a metal electrode film, adhered on the base 
material . 
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Tne tnm film ana ttxe sliasr may be disposed along 
a tracking direction of the head. 

5 The thin film may be formed on the base material in 

SUCH a manner that the thickness direction subatanti.a.lly 
coincides with a tracking direction of the head. 

The thin film may be formed on the base material In 
10 such a manner that the thickness direction is substantially 
perpendicular to the disk surface* 

The base material may be elastic; and Lhe base 
mat ©rial may havA a thl.nknftBisr such that a f lexural rigidity 
15 required for allowing the slider to follow the waving disk 
surface and a difsplacement required for tracking are both 
obtained. 

The thickness of the base material may be equal to 
20 or greater than 0,5Mm and aqiial to or le00 than 50 Mm. 

The base material may be formed o£ stainless steel. 
The base material may be formed of silicon . 

25 

The thin film may comprise a thin film 
piezoelectric; and the thin film piezoelectric may be formed 
by an rf sputtering method, an ion beam sputtering method^ 
a sol- gel method, a CVD method, or a laser ablation method. 

30 

The thin film piezoelectric may comprise a FZT film. 



The thin film piezoelectric may comprise a zno film. 



ZOUiif z;j::JU 



f\ 164/-02 



- 13 - P21480 



The thin film plezoelactric may comprise a pvdf 

film. 

5 The thin film may bo formed on both sides of the base 

material so as to interpose the base material therebetween. 

The tnm film may nomDrise a thin film 
piezoelectric; and the thin film piezoelectric mey be 
10 entirely ooverad by an Insulation film- 

Tiie infiu!flT.i.nn i-iim may oompriB© a material whose 
main component is polyimido, an SAM film, an LB film, or 
a nitride. 

15 

The thin film may comprise a pair of thin films; the 
pair of thin films may be disposed substantially parallel 
to the disk surface r and voltages having reverse phases may 
be applied to the thin film provided on one side of the head 
20 and rhe thin film provided on the other aide of the head 
so that the thin films worp in opposite directions. 

The thin film may comprise a pair of thin filma; 
the pair of thin films are disposed substantially 
25 parallel to the disk surface? and voltages having the some 
phase may. be applied to the thin film provided on one side 
of the head and the thin film provided on the other side 
of the head so that the thin films warp in the same direction, 

'"^0 The thin film may comprise an underlying layer. 

The underlying layer may comprise a PT layer ^ a PLT 
layer, a FBTi03 layer, an SrTi03 layer, or a HaTi03 layer. 
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10 



30 



The PLT layer may contain subatontialiy no Zr. 

The thin film may oomprlsc a metal film which ia 
layered ad3acent to tiie underlying layer; and the mfttal film 
may comprise either a platinum film or a titanium film. 

The bQise moterial may iizalude wiring for applying 
a voltage to the thin film. 

The wiring inay be formed after the thin film xb 
formed on the base material* 



h method for manufacturing a head support mechanl&nL 
1.^ is a method for manufacturing a head support mechanism 
comprising a head and a slider for carrying the head, the 
head hel.ng caused to traclc by main driving means, wherein t 
the head suppoart mechanism further comprises driving 
ffub-me«ins comprifsing a thin film and causing the head to 
20 have a micro -movement ; the driving sub-means causes the head 
to have a micro -movement by utilizing f lexural deformation 
of the thin film'; the thin film is formed on a base material? 
and the thin film is formed on the base material by using 
a film growth procoes, comprisingi a flrsst step of foxinlug 
25 tha th.tn f i Im on the lift^B material by using a film growth 
process; and a second step of attaching the slider carrying 
the he^d onto the base material- As a result, the 
aforementioned objective of the present invention is 
accomplished . 



The first step may comprise a third otep of forming 
the thin film on the base marerlal by using a direct film 
growth process. 
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The third step may comprise a fourth step of 
sequentially layering a metal film, an underlying layer, 
a thin film piezoalectrio, and a metal electrode film on 
5 the baae material* 

The third step may comprise a fourth step of 
aft^^entlal.ly layering an Insulation film, a metal film, an 
underlying layer / a thin film pieaoelectric, and a metal 
10 electrode film on the base material. 

The thin film may comprise a metal film? and the 
third step may comprise a fourth step of forming tiie metal 
film by ei.ther a vacuum procesn or a process in a liquid. 

IS 

The f 1 rsst stap may comprise a third step of forming 
the thin film on the base material by using a transcription 
process - 

20 The third step may comprise : a fourth step of 

sequentially layering a metal film, an underlying layer, 
a thin film plft7.oeIeGtrlc, and a metal electrode film on 
a transcription substratej a fifth step of ttdliorlug the base 
material to a layering surface of the transcription 

2S substrate; and a sixth step of removing the transcription 

substrate from the metal film, 

\* 

The transcription substrate may be formed of MgO, 
sapphire, strontium titanate, or silicon. 

The base material may be formed of stainless steel. 



The base material may be formed of silicon. 
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Th8 thin film may comprise a thin film 
plszoelectrlG; tha first step may comprise a third step of 
foming tiie thin film plszoeiectric by an rf sputtering 
S method, an Ion beam sputtering method, a sol- gel method, 
a CVD method, or a laser ablation method. 

The first stap may comprise a third step of forming 
the thin film on both sides of the base material so as to 
10 interpose the base material therebetween- 

a?he thin film may comprise a thin film 
piezoelectric; and the first step may comprise a third step 
of forming the thin film p.la^^oeiectric, 

15 

ThB thin f llmpiesioalectric may comprise a P2T film. 

The thin film piezoelectric may ecmpriee a ZnO film, 

20 a?he thin film piezoelectric may comprise a PVDP 

film. 

The thin film may comprise a thin film 
p.leaoftlectric: and the first step may comprise a third step 
2S of entirely covering the thin film piezoelectric with an 
ineulation film. 

The insulation film may compriae a material whose 
main component 1b of polylmide, an SAM film, an LB film, 
30 or nitride. 

The first etep may comprise a third atep of forming 
xne thin film on both sides of a position at which the head 
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le attached with reepact to tracking diraotion of the head. 

The thdLn film may aomprise an underlying layer? and 
tne first step oompriseB a third step of forming tns 
5 underlying layer. 

The underlying layer may comprise a PT layer ^ a PLT 
layer, a PBTi03 layer, an SrTi03 layer, or a BaTiOB layer. 

10 The PLT layer may contain substantially no Zr- 

The first step may oompriae a fourth step of forming 
a metal film which is layered adjacent to the underlying 
layar* and tha metal film may corttpriee either a platinum 
15 film or a titanium film* 

The method for manufacturing a head support 
mechanism may further comprise, after tha thin film is formed 
on the base material, a third step of forming wiring on the 
20 base material for applying a voltage to the thin film. 



BRIEF DESCRIPTION OP THE DRAWINGS 

25 Figure a perspective view showing a head 

support mechanism according to Embodiment 1 of the present 
invention . 

Figure 2 is a partially-enlarged perspective view 
30 showing a head support mechanism according to Embodiment 1 
of the present invention. 

Figure 3 is a diagram showing a magnetic disk 
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apparatus incorporating' a haad support mechaniBin according 
to xne pres&nt invention. 

Figure 4 is a vertical ores s- sectional view of a 
5 main portion of""a^magnctio disk apparotua according to 
Bmbo(iiinent 1 of tlie present invention . 

Figure 5 is a partially- an larged' perspective view 
showing the neighborhood o£ a slider euppprt member 
IQ aGflordlng to KmhodiTnftnt 

Figure 6A is partially- enlarged perspective view 
showing a slider"»iipport member according to Embodiment 1. 

15 Figure 6B is a partially-enlarged perspective view 

illustrating a itfQcture acaordlng to Embodiment 1- 

Flgurft 7A Is a partially- enlarged plan view 
illustrating tlMToperation according to Embodiment 1. 

20 

Figure 7B is a partially- enlarged plan view 
illustrating the~"'^eration aanording to Embodiment 1. 

Figure 7C is a partially- enlarged plan view 
25 illustrating th^-operation according to Bmbodiment 1» 

Figure 7D is a perspective view showing a head 
support mechan±W^05 after the application of a driving 
voltage. 

30 

Figure J£fiLJ:o Figure 7G are diagrams illustrating 
flaxural deformation of a thin film. 
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Figure 8 is a partially- enlarged perepeotiva vl©w 
showing a head support mechanism according to Smbodiment 2 . 

Figure 9 is a partially-enlarged perspec-cive view 
5 showing a head s upport meohaniam according to Bmbodiment 3 . 

Figure 10 is a partially- enlarged perspective view 
illustrating a^^itructure aaaordlng to Embodiment 4, 

10 Flgurft 11 Is a partlally-enlargsd pergpsctivs view 

illustrating a "structure according to Embodiment 5. 

Figure 12 is a partially-enlarged plan view 
Illustrating a^sTlnicture according ta Embodiment 5- 

15 

Figure 13 is a partially-mlarged perspective view 
illustrating a ^reHioture according to Embodiment 5- 

Figure 14 is a partially-enlarged perspective view 
20 showing anotheap— head support mechanism according to 
Embodiment 5. 

Figure ISA is a perspective view showing another 
hsad 6?upport maofaanism according to Embodiment 5 prior to. 
25 the application of a driving voltage. 

Figure iSB is a perspective view showing another 
head support m©6EaJttsm according to Embodiment 5 after the 
application a£ a driving voltage, 

30 

Figure 16A is a plan view of another head support 
mechanism according to Embodiment 5 prior to the 
application of a driving voltage. 
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Figure 163 and Figure 16C are plan views of anorher 
haad support meoHarTism aooordlixg to Emboddbncnt B after the 
appliGarlon of a driving voltage. 

s. 

Figure 17A to Figure 17D are cross -sectional views 
illustrating a method for manufacturing driving sub-means 
according to Embodiment fi uti.lizing a direct film growth 
procesa . 

IQ 

Figure 18 is a flowchart of a msthod lor 
manufacturing ""sfhead support mechanlam according to 
Bmbodiment e utilizing a direct film growth process. 

15 Figxzre 19A to Figure 19F are cross- sectional views 

illustrating a method for manufacturing driving sub-means 
according to Hmbodiment 7 utilizing a transcription 
process . 

20 Figure 20 is a flowchart of a method for 

manufacturing c~head support mechanism having driving 
sub-means formed thereon according to Embodiment 7 
utilizing a traiiscription process. 

2S Figure ^ is a partially-enlarged perspective view 

showing head support njechanism according to Embodiment 8. 

Figure 22A is a perspective view illustrating the 
expansion/ shrlnT^H^e of driving sub-means formed on a head 
30 support mechanism according to Embodiment 8 after the 
application of a driving voltage. 

Figure 22B is a perspective view illustrating a 
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translation of a b«ad support meohanlBm aooordlng to 
Emtoodlment 8 after the application of a driving voltage. 

Figure is a perspective view illustrating the 
S oxpanaion/shrinkage of driving aub-means formed on a head 
support mechanism according to Embodiment 8 after tha 
application of a driving voltage* 

Figure 23B is a diagram illustrating the state of 
10 driving sub-means and a flexure according to Embodiment 8 
prior to the application of a driving voltage. 

Figure 23C is a diagram illustrating the state of 
driving sub-'meSHH-and a f laxura according to Embodiment 8 
15 after the application of a driving voltage. 

Figure 24 is a diagram showing relative positions 
of a driving element^ of an actuator portion and a disk surface 
according to Embodiment 9 - 



25 



Figure 25 ie a diagram illustrating angles 
constituted by driving elements of an actuator portion and 
a plane perpendicular to a disk surface according to 
Embodj ment 9 - 



Figure 26A ^,and Figure 26B are diagrams 
illustrating the operation of an actuator according to 
Embodiment 9. 

30 Figure 27 is a diagram illustrating positions at 

which to construct a restraint alleviation means for an 
actuator according to Embodiment 10, 
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Pigiare 2BA is a diagram illuBtrating an example of 
a restraint alleviation means for an actuator according to 
Smbocliment 10. 

5- Figure 28B ±3 an enlarged view of a restraint 

alleviation means^ for an actuator according to 
Embodiment 10. 

Figure 29A is a diagram illustroting another 
10 example of a restraint alleviation means for an actuator 
according to Bmbodlment lo. 

Figure j9B i s a diagrean illustrating still another 
exampla of a restraint alleviation means for an actxiatar 
15 according to Embodiment 10* 

Figure 29C is a diagram illustrating still another 
example of a restraint alleviation means for an actuator 
according to Embodiment 10, 

20 

Figure 29D is a diagram illustrating still another 
axamplft of a rM-^fe^ratnt alleviation means for an actuator 
according to Embodiment 10. 

26 Figure 30 is a diagrajn illustrating still another 

example of a restraint alleviation means for an actuator 
according to Embodiment 10. 

BEST MODE FOR CARRYING OUT THE INVENTION 

30 

{Bmbodlment 1) 

Figure 1 ie a perspective view showing a head 
euDi?ort mechanism according to embodiment l of the present 
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inventioji. Figure 2 is a partially- enlarged perspective 
view showing the head support mcohaniam according to 
Bmbooiment i or the present invention. 

5 Botfi of these figures are perspective views showing 

the head support mechanism as Viewed from a disk surface. 

Pigtare 3 la a perspective view showing a magnetic 
disk apparatus incorporating the head support mechanism 
10 according to the present invention. Figure 4 is a vertical 
croRs-SACtlonal. view showing a main part of the magnetic 
disk apparatus incorporating the head support mechanism 
ancordlng to the present invention. 

15 In Figures 1 to 4, reference numeral 1 denotes a 

head for recording and reproducing information? Z denotes 
a slider carrying the head; 3 denotftfl a disk which is rotated 
l3y a motor and on which informatloa is recorded or 
reproduced; 4 denotea a main driving means for causing the 

20 head to track? 4a denotes an arm constituting a portion of 
the main driving means; 5 denotes a head support mechanism; 
and 6 denotes a tracking direction. 

Reference numeral 11 denotes a spindle motor for 
■ 25 rotating the magnetic disk 3, which is preferably a DC 
Torushless motor because of its high rotation precision and 
reliability- Reference numeral d denotes the main driving 
means for moving a flexure 5b along a radial direction on 
the magnetic disk surface so as to position the magnetic 
30 head 1 at a target track position. The flexure 5b, which 
is attached to a flexure 5o, is fixed to an arm 14 via a 
fixing member 5d, A head actuator 4a, which is rotatably 
supported on a chassis body 16 of the magnetic disk apparatus 



2001^ 3.^14_ 23:35 



24 - i'i!l4a0 



via a pivot bearing inoorparating a ball bsarlng or the like. 
Is rotated by a voice coil motor 4b. The voice coil 
motor 4b is controlled by a driving control apparatus (not 
shown ) . The material of the head actuator 4a is preferably 
5 an aluminuin alloy which is light-weight and expected to be 
highly rigid. The voice coil motor 4b is composed of a coil 
portion and a magnet portion opposed to the coil portion 
with an appropriate interspace therebetween. The coil 
portion is composed of polyurethmie copper wire. The 

lU magnet portion, which is fixed on the chassis 16, io eompoeed 
of multilayers of a metal magnet material having a high level 
of coercive force g. , rare earth metal) provided on an 
iron plate serving as a yoKe. A single magnetic dleX 
apparatus typically includes plural sets of the magnetic 

15 disk 3, the slider 2, and the flexure 5b for an increased 
storage capacity, as shown in Figure 4, 

In Figure 1, the head support mechaniflm 5 further 
includes two major members: the flexure 3b having 

20 micro-movement driving sub-means Sa, which are separate 
from the main driving means 4, and having an appropriate 
flexural rigidity for allowing the slider 2 to follow a 
waving surface of the disk 3; and the load beam 5a for 
pressing the slider 2 toward the surface of the disk 3 with 

25 an appropriate force. 

Note that in Figure 1, which is a perspective view 
as seen from the disk surface, a position at which the load 
beam 5o applies a load on the slider 2 is hidden from view. 
30 However, the load beam 5o abuts with the slider 2 
substantially at the center of gravity of the slider 2. 



Reference numeral 5d denotes a fixing member for 
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coupling the head flupport mcahaniam with the arm 4a 
composing tJie main driving means. Tt l.s possible to omit 
54 do that the load beam So is directly coupled to the arm 4a* 
Wiring 5a used for driving the micro -movamant driving 
5 Bub-meaDB 5a is provided on the flescure 5b. Although not 
shown, wiring for nnupling recording/ reproduction signals 

in the head may similarly be provided on the flexure 5b • 

.t ( 

Figure 2 shows a tip portion of the flexure Sb 
10 composing tha head support mechaniem 5. The mioro- 
movemont driving sub-meana 5a are composed of thin films 
or ahttdt-lika piftzoalactric members. By applying a 
VolLage lo a pluraliLy of electrodes (not shown) provided 
on ■ both fiides of ^&ch piezoelectric member, the 
IS piezoeleatrio members are warped along a thickness 
direction due to a unimorph type piozooleotrio actuation 
lunation aomposed of the flexure? base material and the 
piezoelectric members , so as to be movable along the tracking 
direclion 6, 

20 

According Lo the present embodiment, in order to 
realize an ideal translation mechanism so that the locus 
of the slider 'movement becomes parallel, a pair of 
micro -movement driving sub-means 5a are provided, thereby 

25 obtaluing a thin parallel-plaLe spring structure. By 
utilizing the warping,^ of the piesoelectric members along 
the thickness direction thereof as driving means , it is 
possible to obtain a large displacement required for 
tracking through low voltage driving. By constructing the 

30 main portions of the micro -movement driving sub-means 5a 
so as to fit in a space within the thicJcneas, from the disk 
surface I o£ the slider 2 (along a height direction), an 
• incraass in the thickness of the d1 sk apparatus is prevented. 
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As a reeult, the size and thlcjcness of the disk apparatus 
can bo reduced. In aacordanoe with this structure, the 
tielght of the center 2a of gravity of tfte slider 2 from the 
disk surface and the height o£ the micro -movement driving 
5 suh-means Sa hecome substantially the same. As a result, 
an unwanted hcnding moment associated with driving can be 
prevented from occurring in the s.Udflr. 

The base material for the flexure Sb may be any thin 
10 plate material having elasticity. However, it is 
desirable to employ a thin matal plate, e, g.^ a stainless 
steel sheet having a thickness of 0, 5 Lo 50 l^m, with 
a thin film piezoelectric member having a thickness of 10 
^ or less (a. g., PLT, or PLZT) and electrodes formed 

15 therecn, whArAhy an appropriate flexural rigidity, which 
H is required for the flexure, and a driving efficiency for 

2 obtaining a large displacement through low voltage driving^ 

m which is required for tracking , can be reconciled, 

^L^ 20 For example, a unimorph type actuator featuring a 

S aantilAVftr having a width n. 25 mm and a length of 1 mm made 

of 25 jCim- thick stainless st«5cl with a 3 ^im- thick PZT thin 
film piezoelectrl.c ntftinhftr and electrodes formed thereon can 

5^ provide a dlBplacomeat oxa the order of 1 iim through low 

25 voltage driving between -3 V to +3 V. 

disclosed convAntional driving mechanism 
already described in the prior art section cannot achieve 
a displacement on the order of 1 Mm through such a low 
30 voltage driving. Although the present eiribodiriient adepts 
a unimorph type micro -movement driving sub -means format, 
a bimorph type driving sub -means may be composed by 
constructing thin film pieaoeleotrio members- on the other 
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Side of th© flexure as well. In this case, there is an 
advantage In that an even larger diaplacement con be obtained 
with the same driving voltage, Dut there la also a 
disadvantage of oomplioatcd construction • 

By employing a thin metal plate for the base material 
composing the flexure^ there is provided a significant 
manufacturing advantage in that a head support mechanism 
structure including the driving sub-means shown in Figure 1 
or 2 can be easily produced by bending a Uhln me Lai plats. 

Thus, according to Embodiment 1 ol the present 
invention, there can be provided a head support mechanism 
including micro-movement driving means which realizes 
high-speed and high -precision tracking so as to be 
compatible with narrow track pitches required due to an 
increasing areal recording density while the mioro-movernent 
driving mcaaH is easy to produce at a pracLical level, as 
well as a magnetic disk apparatus incorporating the same. 

Referring to Figures 5, 6A, and 6B, a variant of the 
head support mechanism according to Embodiment 1 is 
described. Component members which are identical to those 
of tho head support mechanism 3 ax-o dexiuted by the same 
reference numerals . Detailed description of such members 
is omitted. ^ 

Reference numeral 1 denotes a magnetic head for 
recording or reproducing data in a certain track on a 
magnetic disk 3; 2 denotes a slider carrying the magnetic 
head I; 5b denotes a flexure which elastioally supports the 
Slider 2 While tolerating changes in the posture thereof, 
with a gimbal portion 5bl for affixing the slider 2 being 
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provided at one end, Tfte affixing of tne sxicier 2 can 
properly be achiavad by adhesion. The flexure 5b is 
prefaratJiy composed of a thin atalnleas stsei plate for plate, 
springs ao as to b© able to easily and accurately generate 
5 a very amall elastio biasing fore© of several grams. A 
wiring pattern for transmitting electrical signals is 
formed on the f Isscure 5b- Since the increase in recording 
density will promote downsizing of the mttgrieLic head 1 and 
the slider 2, it is considered that wiring patterns will 
10 be cuimuoiily used in futui^e. Instead of lead wires, 

Reference numerals 15a and 15b denote a pair of 
driving sub -means which are provided in the vicinity of both 
sides of the slider 2 with respect to ^sl radial direction 

15 on the magnetic disk surface, the pair of driving sub-means 
being affixed to the flexure 5b. The driving sub* 
means 15a and 15b are affixed to a pair of driving sub- 
meaixis attacliment portions 3b3 and 5b4 which are bent 
substantially at a right angle in the vicinity of both aides 

20 of the gimbal portion Sbl. As shown In Figure ^A, the pair 
of driving sub-means attachJnent portions 5b3 and 5b4 are 
bent toward the side on which to attach Lhe slider 2 to Uig 
gimbal portion 5bl, With a bent height which is smaller than 
a dimension {"slider thickness dimension") of the slider Z 

2H along a rotation axis direction of the magnetic disk {i- 
e., the direction of ein arrow 2b). The dimension of the 
driving sub-means 15a and 15b along a rotation axis 
direction of the magnetic disk is smaller than the dimension 
of the slider 2 (slider thlcjcness dimension) along that 

30 direction. In other words, the bent height dimension h4 
of the driving sub-means attachment portions, the slider 
thlcKness dimension h3, the dimension h7 of the driving 
aub -means along the rotation auis direction of the magnetic 
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disk, and an aunonnt of change Ah in the posture of the 
slider 2 along the rotation axis direction of the magnetic 
disk are s%t positions satisfying the relationship 
repreeented by formulae 1 and 2? 

5 

[formula I] 
h4 < h3 + Ah 

[formula 2] 
10 h7 < tL3 + Ah 

The reason fur the bond toward the side on which the 
slider 2 ie attaehod to th« gimbal portion 5bl is in order 
to prevent the wiring pattern fonned on the flexure 5b from 
15 being damaged due to the bending, and to increase the 
mounting density with which to dispose component members 
in a narrow space between magnetic disks as shown in 
FlcTure 4- 

20 The afflxlim of the driving sub-means ISa and 15b 

is preferably achieved via adhesion, film growth, or the 
like. In the preset L embodiment, the driving sub- 
meanB ISa and 15b ar» disposed so aa to be parallel to a 
direction in which the slider 2 la aispossd (1. e», the 

25 direction of an arrow 2C) . 

As ehown in Figure 6B, in terms of assembly 
precision and streamlining of the step number, it is 
preferable to adopt a method which involves affixing the 
30 driving sub-meams 15a and isb to the flexure 5b position 
before being subjected to a previous bending, followed by 
euttstantialiy perpendicularly bending, because this would 
enable the affixation of the positions of the driving 
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eub-means 16a and 15b through the same step that affixea 
the positions of the slider 2 with an improved attachment 
accuracy. To this cadi an even higher processing accuracy 
can be obtained by providing grooved positions ShS and 5b6 
B for improving processing accuracy at the bei^t portions at 
which the flexure 5h is substantially perpendicularly bent , 
as shown in Figure 

The operation of the magnetic disk apparatus Will 
10 be described* further with reference to Figures 7A to 7C- 
First, owing to the action or an air flow generated fay Lhe 
magnetic disk 3 which is rotated by the spindla motor II 
in a direction of Al aa shown ^ the slider 2 l3 caused Lo 
stably float at a predetermined height from the magnetic 
15 dl^K surface* The flexure 5b tuleraLes various changes in 
the posture of the slider 2 and allows a stable floating 
state to be maintained. In this state ^ the main driving 
means 4 causes the magnetic head 1 to track so as to be 
positioned at a target track position » Furthermore, the 
20 track position data in that state is fed back by the magnetic 
head 1 to a driving control apparatus (not shown), whereby 
the minute adjustment of the movement of the magnetic head 1 
aSF Caused by the main drlvixie means 4 is hiindled by Lhe 
driving eub -means 15a and 15b* 

25 

The driving principles of the head support mechanism 
aaaording to the present invention will be described. 
Figure 7A is a plan view of a head support mechanism 105 
prior to the application of a driving voltage • Figures 7B 
30 and 7C are plan views of the head support mechanism 105 after 
the application of a driving voltage. Figure 71) is a 
perepootive view of the head support mcohaniem lOB after 
the application of a driving voltage - Figirres 7E to 7G are 
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dlagrajriB illustrating flescural deformatioji of a thin film. 
Elements whlcti are iflentlcal to those of the head support 
mechanism deeorihed with reference to Figure 6A are denoted 
by the same reference numerals , Detailed description of 
S such members i0 omitted. 

With reference to Figures 7E to 7G, the flexural 
deformation of a thin film will be described. Figure 72 
illustrates the warping of a thin film in a model in which 

10 one end is stabilized while the other end is left free. 
Figurea 7P and 76 illustrate the warping of a thin film in 
a model in which one end is stabilized while the other end 
is simply support od. The head support mechanism according 
to the present invention includes driving (sub-meanis which 

IS is oompoaed of a thin film for causing micro- movement of 
a haad^ Where the driving fsub -means causes the micro- 
moveiment of the head by utilizing thes f loxural deformation 
of the thin film, 

20 In Figure 7S, the flextiral deformation of the thin 

film includes a warp dv along a direction substantially 
perpendicular to the longitudinal direction of the thin film, 
as well as a warp d HI along a direction substantially 
parallel to the longitudinal direction of the thin film in 

25 a model in which one end is stabilized while the other end 
is left free. 

In Figures 7P and 7G, the f lexural deformation of 

the thin film further includes a warp C H2 along a direction 
30 substantially parallel to the longitudinal direction of the 
thin film in a model in which one end is stabilized while 
the other end is simply supported. 
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Figure 7A illustrates a state In which, in the 
absence of a drlviag voltage applied ta the driving 
sub-incaits 15a and 15b, the driving sub-means 15a and 15b 
do not expand or flrhrink, so that the head 1 does not undergo 
5 micro -movement . 

Referring to Flcfuree 7B and 7D, an example will b© 
described in which a driving voltage is applied to each of 
driving sub-means 15a and I5b so thaU Lhe diivina aub- 
10 meanfl 15a expands along the direction of an arrow DD and 
that the dx-lving sub-meane 13b shrinks along the direction 
of an arrow FF . As a result of the expansion of the driving 
sub-means 15a, a bent porLion 5b3 warps in the direction 
3 of an aarrow B. As a result of the compression of the driving 

■J 15 sub-means 13b, a benl portion 5b4 also waxps in the 

rl direction of the arrow B, as does the bent portion Sb3- 

Conaeijuently, the leading end of the flexure 109b ier 
TO translated in the direction o£ the arrow B. As a result, 

the slider 2 and the head on the flexure 105b are translated 
m 20 in the direction of the arrow B, 

p With reference to Figure 7C, where the plus and 

• minus of the driving voltages which are applied to the 
driving sub-means» 15a and 15b are reversed, the driving 
25 sub-meane 15a shrinks and the drivinei eub-iaeanw 15b expand, 
in aontrast to the exjample illustrated in Figures 7B and 
71>n As a result, the slider 2 and the head are translated 
in the direction of an arrow C, as shown in Figure 7C. 

30 Thus, according to Embodiment 1, a very simple 

component structure utilizing sheet metal processing of a 
flexure on which a wiring pattern ia formed, and the mounting 
density of component memhera can be improved tn a narrow 
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etruotxiral epaoe between magnetia disks. In addition to 
using the main driving means, a further raicrci-Tinftvemsnt 
adjustment of the magnetio head which has been moved can 
insrantaneously be made in the close vicinity of the magnetic 
B head. Thus, a stable and fast on-track control of the 
magnetic head can be achieved with narrow track pitches on 
the sub -micron order. 

(Embodiment 2) 

10 Pigure 8 is a partially-enlarged percpective view 

of a head support mechanism 205 Qooordlag Lu Sinbcdiment 2 
of the present invention- Moat of oomponent members and 
the refersnoe numerals thereof <ix*e the some as those 
described in Embodiment 1 above ^ and the detailed 

15 deacriptlon of the same caatenttf will not be repeated. A 
flexure 205b in the head support mechanism according to 
Embodiment 2 features a structure having three parallel 
thin plates, ae opposed to the structure of Embodiment 1 
in which two parallel thin plate springs ore present. 

20 

On two of the three parallel thin plate springs, 
micro -movement driving sub-means 5a for the head is 
provided, similarly to Biftibodlraent 1. However, on tlie 
other thin plate spring^ recording/reproduction signal 

25 wiring 5f for loading recording/ reproduction signals in the 
head 1 to the exterior is provided. By thus dedicating some 
of a plurality of thin plate springs to signal wiring only, 
it is possible to prevent deterioration in the 
recording/reproduction signals due to cross-talk with the 

30 wiring for driving p-urposas. There is also an advantage 
In that it is easy to achieve a low floating capacitance 
as well as impedance matching in the wiring required by 
higher transfer rates of recording/ reproduction signals. 
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By employing a plurality of parallel thin plate 
apringa, there ±a an advantage In that it is possible to 
adjust tue rigidity along latereLL- dirsctiona, wtiich may ba 
5 slightly problematic in a parallel spring meGhanism/ to a 
dasirad rigidity. Although the present embodiment 
illustrates a structure including three parallel thin plale 
springs, it will be appreciated that the present inventxon 
is also applicable to structures having more, e. g,, 4 or 
10 5. parallel thin plate Sfpringa. 

(Embodiment 3) 

Figure 9 is a partially-enlarged perspective view of a head 
support mechanism 305 according to Smbodiment 3 of the 

15 present invention. Most of component members and the 
rsf arence numerals thereof are the same as those described 
in Embodiments 1 and 2 above, and the detailed descx-iptiou 
of the same contents will not be repaatad. Driving 
sub-means 5a for the head provided on a flexure 303b in the 

20 head support mechanism according to Embodiment 3 rotates 
around a z axis of a slider 2 LhaU extends in a height 
direction from the disk, in the neighborhood of the center 
of gravity 2a of the slider 2. 

23 In Figure 9, the rotation axis Z which is in ei 

position at a distance d from the center of gravity 2a of 
the slider, as well as a rotation dix-ecLlou 7 around this, 
is shown- As the slider rotates around th« a axiSi a head 1 
provided on a rear end face of the slider undergoes 

30 micro -movement along tracking directions 6. In tbie 
method, slight changes in the azimuth angle of the head 
occur with tracking. However, the doorcase in the 
recording/reproduction signals associated with changes in 
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the azimuth angle, i. e., azimuth loss, la negligibla in 
practice, Therefore, this rotation driving method can be 
applied. 

5 In Figure 9. thrA<% thin plats springs are «nployed 

in a T-shaped configuration substantially around the z axis . 
Moreover, the z axis is located near, i- e, , at a distanc© d 
from, the center of gravity 2a of Lh© slider. on two of 
the three parallel thin plate springs, micro -movement 

10 driving sub-means 3a is provided* On the other thin plate 
spring, recording/reproduction signal wiring 5f for 
recording/reproduction signals is provided. In 
accordance with ouch a T-shaped configuration, in which the 
longitudinal direction of the Lhln plate springs 

15 substantially coincides with the tracking directions 6, the 
Bllde oai^ bo supported via a high rigidity residing in the 
longitudinal direction of the thin plate springs. Thus, 
Ihe rigidity along Ihe lateral directions of the head support 
mechanism can be greatly improved- 

20 

Since one of the thin plata eprings has its 
longitudinal direction of the thin plate spring extending 
in a direction substantially perpendicular to the tracking 
directions 6, the rigidity In the direction perpendicular 

25 to the tracking directions, i, e,, the longitudinal 
direction of the hea^ support mechanism, can be greatly 
improved. By locating the z axis near, ±- e., at a 
distance d from, the center of gravity 2a of the slider, 
the rotational inertia of the slider, as an object subjected 

30 to rotational driving, can be reduced, thereby enabling 
high-speed tracking control, as well aa enhancing the 
resonance frequencsy of the head supporx mechanism. Thus, 
. high- speed; high-precision tracking control 
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oharaotcriatiofl oan be improved. Note, however, that 
increasing the distance d so as to placa the x axis l.n a 
direction away from the head 1 has its own advantage* That 
is, an incraasaa distance between the rotation axi.s 2 and 
5 the head 1 moJ^ee it possible, for the some rotation angle, 
that the micro -irovAmftnt of the head 1 occurs by an increased 
distance along the tracking direct ions. In other words, 
the increased distance adds to the magnification rata of 
the displacement magnifying mechanlem. Although Lhere is 

10 a consequent trade-off of an inoraasad rotational inertia, 
there Is a great advantage lu LhaL a prede Lermined 
displacamant required for tracking can be aehiaved at a low 
dxiviiig voltage. Thus, it la possible to design far a 
practical performanoe while maintaining a good balance 

15 between boLh abllltlcB. 

Although the above embodiment uf the prtaeoat 
invention illustrates a T-shaped configuration, variouc 
other configurations are coutemplated, in addition to the 

20 T-shaped oonf iguration, in whioh the micro- mo vemant driving 
means for the head are coiEipoeed of a plurality of spring 
structures radially extending from a substantial center of 
relation, and In' which the micro -movement means rotate the 
slider carrying the head around the center of rotation. 

25 thereby causing micro •movement of the head along tracking 
directions, i^n principla, thrae-membored 

configurations such as a T-shape or a Y-shape? four- 
membered configurations such ae a cross -shape or a X- shape y 
or higher- numbered configurations sucJi as a star {'jV) -shape 

30 or an asterisk (*)-shapc are pcsaible. 

(Embodiment 4) 

Figure lO is a partially -enlarged perspective view 
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of a flexure 40Bb oompoplng a head support mechanism 405 
according to Kmbodlment 4 of the present invention. 
Component members which are identical to those in 
smbodlinent 1 (Figure 6h) are denoted by the same reference 
5 numerals. Detailed description of such members is 
omitted. 

One difference from the structure of Figure 6A is 
that driving sub-means 15a and 15b are disposed lu such a 

10 manner that extsnsionfl of the directions in whieh the driving 
sub-means I5a and 15b are disposed constitute predeLemnined 
angles with respect to the direction in which the elider 2 
Is disposed, so as to Intersect at a leading end of the 
fleanire 405b. The present embodiment of the invention 

15 illustrates an example In which a symmetrical arrangement 
with respect to the slider 2, such that the width of the 
flexure 40Sb decreases toward the leading end. 

The operation of the magnetic disk apparatus having 
20 the aforementioned structure is the same as that of 
Bmbodiment 1^ and the description thereof is omiLled, 

Thus, according to the present embodiment:/ driving 
sub-means ISa- and 15b, which are disposed in such a manner 

2S that extensions of the directions In which the driving 
sub-means 15a and ISb ajre disposed constitute predetermined 
angles with respect to the direction In v/hioh the slider 2 
is disposed, are provided so as to intersect at the leading 
end of the flexure 405b. Ah a result, owing to vector 

30 dispersion, the rigidity of the slider support member along 
the magnetic disk radius direction (direction of an arrrow 6 
in the figtira) can be enhanced relative to struoturea 
featuring parallel flat plates . In addition to using tne 
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mam driving means, a further micro -movement adjustment of 
the magnetic head which has bean moved con instant oneoualy 
be made. Tlius, a stable and fast on- track control of tha 
magnetic head can be achieved with narrow track pitches on 
5 tha sub -micron order - 

( Embodiment 5 ) 

Figure 11 is a partially-enlarged perspective view 
of a flescura 505h composing a head support mechanism 505. 
10 aacording to Embodiment 5 of Lhe present invention. 
Component members which are Identical to those in 
Bmbodimont 4 (Figure 10) are denoted by the same referenco 
numerals* Detailed description of such members ifl 
O ottiitted. 

m One difference from the structure of Figure 10 1b 

'^4 that driving fiiib-TnAansa ISa and 15b are disposed in such a 

£ manner that the center of gravlLy S of the flexure 305b is 

S located in the vicinity of an intersection between 

-.^ — 

20 tfsxtonsione of directions in which the driving sub -means ISa 

y and 15b are dispoasd- Figure 12 is a partially- enlarged 

U plan view of the flexure S05b according to Embodiment 5 of 

1.^^ the presftnt invention. G denotes the center of gravity o£ 

p the flexure 505b. As shown in. Figure 12, a triangular 

^ 25 structure having apices J, and K (shown by a broken line 

in the figure) is loxmed. 

The operation of the magnetic dlsX apparatus having 
the aforementioned structure is the same as that of 
30 Bmbodiraent 1, and the description thereof Is omitted. 
ThuB^ according to Embodiment 5, the driving sub-meane ISa 
and 15b ere provided In sucn a manner that the center of 
gravity G of the flexure 505b is located in the vicinity 
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of an intorseoticn between extonaions of directlona In which 
the (iriving suia -means 15a and I5to are dispoaad. Thus, this 
structure prevents external mechanical forces which iire 
applied to the center of gravity of the flexure 505b to 
5 unfavorably affect driving control (e. g, , wind pressure 
of air flow, Inartial fornas^ disturbance impacts, and the 
like), acting on the flexure 505b along Lhe magnetic; disk, 
radius direction, from being transmitted. As a result, the 
rigidity of the flexure S05b along the megnelic disk radius 

10 direction can be made very high. In addition to using the 
main driving means, a further mioru-inovenient adjustment of 
the magnetic head which has been moved can instantaneously 
be made. Thus, a stable and fassL on- track control of the 
magnetic head can be achieved with narrow track pitches on 

15 the aub -micron order. 

Although the above description illuatiratetJ an 
example, as shown in Figure 11, in which the flexure 505b 
has a shape extending out toward lhe leading end to shift 
20 the center of gravity thereby, the slider 2 may be relocated 
at the leading end as shown in Figure 13, so that the oenter 
of gravity of a flexure 605b ie located in the vicinity of 
an In Leriaoclloii ' between exLensions of the directions in 
which the driving sub -means 15a and 15b are disposed, 

25 

Although the ^,above description illustrates a pair 
of driving sub -means 15a and 15b being provided on Lhe 
flexure, two or more pairs of driving eub-meane (ehown as 
l5o and 15d) may be provided as shown in Figure 14 with a 
30 view to increasing the driving force and the driving amount • 

The driving principles for a head support 
mechanism 705 according to the present invention shown in 
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Figure 14, which includes two or more pairs of driving 
sub-meana {shown as 15c and 15d; , will ba dafierlTiAd. 
Figure ISA is a perspective view of a head support 
mectianisin 705 prior to tne application of a driving voltagfi . 
5 Figure 15D ie a perspective view of the head support 
mechanifsm 705 a€tftr tha appllaation of a driving voltage. 
Figure 16A is a plan view of the head aupporl: inechiinlsin 703 
prior to the application of a driving voltage . Figures 16B 
and 16C are plan views o£ the head support iaeuhanlsm 70S 
10 after the application of a driving voltage, Elamentfi which 
dire doBcrihed in Bmbodlinent 4 (Figux-e 10) are denoted by 
the same reference numerals . Detailed deocription of such 
mdiubex:» Is omitted. 

%j 15 Figures ISA mid 16A illustrate a state in which, in 

W the absence of a driving voltage applied to the driving 

™f sub-means 15a to 15d, the driving ^ub-rncsanfir 15a to ISd do 

m not expand or shrink, so that the head 1 does not undergo 

?3 mioru-movernent . 

^ Referring to Figures 15B and 16B, an exaniple will 

» b© described in which a driving voltage is applied to each 

of driving sub-^meaxxs 15a to 15d so that the driving 
hf' eub-meano 15a expands along the direction of an arrow DD? 

25 the driving sub-means 15a shrinks along the direction of 
an arrow C6; the driving sub -means ISd esepands along the 
direoLloa of an arrow BE; and the driving sub -means 13b 
shrinks along the direction of an arrow ffP. As a result 
of the expansion of the driving sub-means 15a and the 
30 eompreseion of the driving eub-meane 15o, a bent portion 4a 
warps m the direction of an arrow Cl. As a result of the 
compression of the driving sub -means I5d and the 
compression of the driving sub-means 15b, a bant portion 4b 
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also warps in the direction of the arrow CI, ae does the 
bant portion Aa. Consequently, the leading end of the 
flexure 4 is translated in the direction of the arrow CI, 
As a raanlt, tha slider 2 and the head on the flexure 4 are 
S translated in the direction of the arrow Cl. 

With reference to Figure 16C, where the plus ana 
minus of tho driving voltagae which ar© applied to the 
di'iving auh-mearis 13a Lo 15d are reversed^ the driving 

10 fiub-meanfi 15a shrinks f th© driving eub-meane 15o expands; 
the driving sub-means 13d shrinks? and the driving sub- 
means 15b expands r in contrast to the example illustrated 
in Figures 15B and 16B. As a result j the slider 2 and the 
head are translated in the direction of an arrow C2, ae shown 

15 in Figure 16C* 

The base malerlal for the flexure 4 may be any thin 
plate material having elasticity. However, it is 
desirable to employ a thin metal plate, e. g.* a stainless 

20 steel sheet having a thickness of 0. 5 Mm to 50 /im, with 
a thin film piezoelectric memDer having a thicicness of ID 
jam or loss (e, g,. PZT, PLT, or PLZT) and electrodes formed 
thereon, whereby an approiarlate flexurai rigidity, which 
is required for the flexure 4, and a driving efficiency for 

25 obtaining a laL'^e displacement through low voltage driving, 
which is required for^, tracking, can be reconciled. 

In order to realize an ideal translation mechanism 
so that the locus of the slider 2 movement becomes parallel 
30 to the tracking directions Cl and C2, bent portions 4a and 
4b are provided on the flexure 4 to farm driving sub-means 
15a to isa, and the leading end of the flexure 4 is composed 
of a thin parallel-plate f?prlng structure- 
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By utilizing tha warping of tha driving sub-means 
in the thickness direction (i. e., the arrow CI or C2) 
thereof as driving means for causing the head 1 to have a 
5 micro -movement, it is possible to obtain a large 
displacement re<iuired for tracking through low voltage 
dr-lving* For example, it can be confirmed with a Dopplsr 
displacement meter that a translation o£ 2 . 2 fim occurs with 
a driving voltage of 6 V. Tlie dilving mechanism discussed 
10 in the prior art section cannot cause a displacement on the 
order of l Mm witn such a low voltage, 

(Embodiment: 6) 

A method for manufacturing a head support mechanism 
Ifi according to Embodiment 6 will be described. Figures 17 A 
to Figure 17D are cross -sectional views illustrating a 
method for manufacturing a Orlvlng sub-means ulill2;inq a 
direct film growth process. Figure 18 is a flowchart 
Illustrating a melhod for manufacturing a head support 
20 mechanism with driving sub-means formed thereon, utilizing 
a dixect film growth process. 

With reference to Figures 17A to 17P and Figure IS, 
a base material 12 is formed so as to have a thickness of 

25 0. 5 urn to 50 (Figure 17A). A 'Gase material 16A 
corresponds to bent poijtions 4a formed on the f lexiire 4 shown 
in Figure 4A. In the case where the base material 12 is 
a SUS (stainless steel) material j am external shape is 
hollowed out through etching, laser processing, or pressing, 

30 and thereafter is subjected to press forming. 

By platinum (Pt) sputtering, a Pt film 14 is formed 
on the base material 12 through a direct vacuum film growth 
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(Figure HE, S61J. The Ft film 14 may be obtained by 
growing a plating film in a liquid. Alternatively, Ijy 
using a shadow mask method or a lift-off method, the Pt 
film 14 may bo grown only whoro it is desirable to grow a 
5 thin film piezoelectric (PZT, ZnO, or the lik«: ddseribed 
later) by a rf sputtering method, an ion beam sputtering 
method, a eol-gel method, a CVD method, a laser ablation 
method, or the like. Alternatively, the Pt film 14 may be 
directly vapor- deposited on the base material 12 formed of 
10 5US . 

When growing a PZT tllm 15A on the Pt film 14 by an 
rf sputtering method, a PLT film 15B containing no or little 
Zr may be formed as an underlying layer for the PZT film ISA, 
15 so that a P2T film ISA having exoellent oharaateriBtios can 
be formed on that underlying layer (Figure 17C, S62, S63), 

By forming a Pt electrode film 16 on PZT film 15A, 
a flescure 4 having driving sub-meane ISa thereon is 
20 completed (Figure 17D). It is desirable that the total 
film thickness excluding the base material 12 (i. e, , Pt 14, 
PLT 15B, JPZIT 15A, and Ft 16) doBS not exceed loam. 

By attaching a slider 2 carrying a load beam 5 and 
25 a head 1 thereon to the flexure 4 having the driving 
sub-means 15a thereon and forming a signal system, the head 
support mechanism is completed. 

An example haa been described in which, in the oaee 
30 Where the base material 12 is a SUS (stainless steel) 
material, an external shape is hollowed out through etching, 
laser processing, or pressing, and thereafter is subjected 
to press forming, followed by the attachment of the Pt 
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film 14. However, etching, laser processing, or pressing 
may be carried nut after completing the formation o£ all 
of the films (Pt 14, PLT ISB, PZT 15A, and Pt 16) to pattern 
the base material 12 aomposfied of SUS. The base material 
5 12 la liot limited to SUS, but and may bo a silicon (Si) 
samieonductor wafer, which can be produced in large 
quantities with low cost. ^ 

By applying such a film growth process to each of 
10 the front and back sides of the base material 12, a 
suspension having a bimorph type actuation function as shown 
in Figure 14 can be produced. As ohown in Figure 14, 
portions of the flexure 4, which Is a base material composed 
of SUS, are bant perpendicularly in such a manner as to 
15 Interpose the slider 2, thereby forming bent porrions 4a 
and 4b, Furthermore, driving sub -means 15c and 15d are 
formed on the opposite side {back side) of the bent 
portions 4a and 4b from the slider- 2. ^e driving sub-, 
means 15c and 15d formed on the bac]c side are also formed 
20 via the aforementioned direct film growth process from the 
back Bide of the base material 12. 

The head support mechanism 705 incorporating the 
flBKure 4 (SUS fiubfitrate) having th© bent portions 4a and 
23 4b formed thereon^ serves as a head support meohanism having 
micro-movement drivitjg means composed of a thin plate 
parallel spring structure. Experimental results show 
that a translation of about 1 occurs with a driving 

voltage of 5 v. 

30 

The Pt film 14 underlying the thin film 
pieaoelectric 15 can be replaced by a metal material such 
as titanium (Ti) or the like, PZT ISA or PLT 15B can be 
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replaced by alno oxide (ZnO) , polyvinylidene fluoride 
(PVDP), or a multilayer structure having a dombination 
thereof . 

S Note that, an 'insulation film may b& formed on IhQ 

base material 12, after which the PT film 14 may be formed 
uu Lhe insula Liuri fllin« As Lhe insulation film, SiN can 
be exnployod, for example. SiN can be vapor-depocrited on 
thd base material 12 < 

10 

By coverlnB Lhe Lhln film piezoalectrlc 15 with an 
insulation film eucb as polyimid© and sintering the thin 
film piezoelectrio 15, the thin film piezoelectric 15 can 
be insulated from the Ft 14^ and jnechanioal charaoterifiticc 
15 such as contact with the base material 12 can also be 
improved. As the insulation film, an SAM film, an LB film, 
or a material whose main comyonenf is a nitride, may also 
ba ufiad, among others. 

20 Each of the f ilme forming the driving eub-means is 

grown through a vacuum chamber process • Bach film can also 
be grown by using a process in a liquid. 

As described above, according to Embodiment S, a 
25 head, support meohanlem Including micro -movement driving 
means which realizes hi,gh-spead and high-precision tracking 
so as to be compatible with narrow tracX pitches required 
due to an increasing areal recording density while the 
micro -movement driving means is easy to produce Cvia a direct 
30 film growth process ) and ie driven with a low driving voltage 
at a practical level? an information raaording/reproducing 
apparatus incorporating the some; and a method of 
manufacturing the head support menhanism can be provided. 
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By employing a direct film growth proceesr thor© is 
also an advantage m tnat an inexpanfl-rva support 
mechaniflm can "be realised because the head support 
5 mflfihanism can ba producsfld in clusters through batch 
processes . 

(Embodiment 7) 

A method for manuf aoturing a head support inechaniBm 

10 according to Embodlmeii L 7 will be described. Figures 19A 
to 19F are cross -sectional views illustrating a method for 
manulaoturing driving sub-means using a transcription 
process. Figures 19X to 19P ara cross-eactlonal views 
showing a oroaa section PP In Flgux-e 16A, Figure 20 is a 

15 flowchart illustrating a method for manufacturing a head 
support mecl:ianlsin on which driving sub-means is formed, 
utilizing a transcription process, A head support 
mechanism inoorporallag driving sub-means {micro -movement 
driving means) can be produced also by using a transcription 

20 process* 

With rererence to Figures 19A to 19F and Flguxre 20, 
a magnesium oxide (MGO) substrate 9 is formed (Figure i9A), 
On the MGO substrate 9, a PL electrode film 16 is farmed 
25 by Pt sputtering (Figure 19B. Sai) , By using a shadow mask 
melhod, a llf L-uff mel^iod, or the like, aPt film 16 is grown 
only where it is desirable to grow a thin film 
piezoelectric 15 (e. g. , PZT or ZnO). 

30 On thin film piezoelectric 15. thin film 

piazoeleotrio 15 (a PLT film + a PZT film) and a platinum 
film 14 are grown by an rf sputtering method or the liXe 
(Figures 19C and 19D, 882, 803). At this time, too, it is 
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deslralJle that the rilm thlcKness does' not exceed lOtisa. 
These processes sra baalcally the same as the direct film 
growth process described in Figures 17A to 17D. 

5 An adhesive is applied on the plotxijum film 14, and 

thereafter a SUS (stainless steel) substrate 12 having a 
thioKneas of 0. 5iim or more and SOWm or less, a substrate 
whose basic composition is Si, or the like is further adhered 
as a base material (Figure 19B, S84. SB5) . The SUS 
10 (BtainlssB steel) substrate 12 or the stibetrats whose baeio 
composition is si corrsBponds to the bent portions 4a formed 
on the flexure 4 shown in Figure 4A. 

After the adhesive is dried at about 70*0, the MgO 
IS substrate 9 is removed by wet etching (Figure isr, sa6), 
whereby the flaxure 4 having the driving sub -means I5a is 
aompleted. The completed flexure product having the 
driving sub-means which is manufactured by a transcription 
process is basically the same aa a completed flexure product 
20 having the driving sub-means which is manufactured fay a 
direct film growtta process. 

Brier to foiming the P2T film after forming the Ft 
film 16 through vapor deposition, a PLT film may be formed, 

25 whereby the PZT Lhiti film piezoelectric can be obtained aa 
a film having excellent characteristics. Substantially 
the same characteristics can be obtained by employing a PT 
film, a PBTi03 film, an Srl?103 film, a BaTiOS film, etc.. 
Instead of a plt film, instead of the magnesium oxiae Mgo 

30 used for the transoriptlon substrate, a single- crystal 
substrate such as sapphire ( n!-A1203) or strontium titanate , 
or a silicon single -crystal substrate may be employed to 
Anable tranaertption . 
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S±n£3e the thin film plazoelectric IS of PLT, P2T, 
etc . f is grown at a iilgii teKiperalure in the vicinity of 600*C , 
it is better to later form wiring a rftqulred for the voltage 
5 appllaation to the driving sub-meana , in order to allow the 
suspension having an actuation function to b© subjected to 
Lhe process without exposing the wiring itself to a high 
temporatura. 

10 ThUfi, acocrding to Embodiment 7^ a head support 

meohanism including micro -movement driving means which 
realizes high-speed and high -precis ion tracking eo as to 
be compatible with narrow track pitches required due to an 
Increasing areal recording density while the micro -movement 

15 driving means is easy to produce (via a transcriprlon 
process) and is driven with a low driving voltage at a 
pracllccil level? an luformaLlon recording/reproducing 
apparatus incorporating the eamej and a method of 
manufacturing the head support mechanism can be provided. 



13 20 



By employing a transcription process , there is also 
an advantage ih that an inejcpensive head support 
mechanism can be realized because the head support 
mechanism can be produced in eluetere through batch 
2S prouesaejs, slDfillarly to the case where a direct film growth 
prooees is oznploysd. , 

(Embodiment 8} 

Figure 21 Is a partially- enlarged perspective view 
30 of a head support mechanism according to Embodiment 8 . 
Elements which are described in Kmbodiment i with reference 
to Figure 6A are denoted by the some reference numerals, 
Detailad description of such mftmbers is omlttad. 
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With referancft to Figure 21, a head support 
mechaniem ROD. f^nnordlng to Embodiment 8 differs from tha 
haad support mechanism 105 according to Embodiment 1 in 
5 that driving eub-means IBa and 15b are formed on a fleacure 4 
in such a manner that a ChlckaoyB dlx.-ecLion 
tharaof ( diractlon of an arrow QQ) 1b euhetantlally 
perpendicular ta the magnetic dlsX surface, 

10 The drlvlnq ■ principles for the head support 

maehajiiem 800 according to Embodiment 8 will be described. 
Figure 22 is a perspective view illustrating the 
©xpaneion/ shrinkage of the driving Bub -means 15a and 15b 
formed on the head support mechanism 800 after the 

15 application of a driving voltage. Figure 22- ie a 
perspectivB view illustrating the translation of the head 
support mechanism 800 after the application of a driving 
voltage • 

20 With reference to Figure 22, when driving voltages 

are applied fifuch that the driving eub-msane 15a and 15b will 
expand or shrink in reverse phases, the driving sub- 
means 15a shrinks in the direction of an arrow DD, whereas 
the driving sub -means 15b expands in the direction of an 

25 arrow PF.. 

With ref drenoa to Figure 22^ when driving voltages 
are applied to tha driving sub-means I5a and 15b in reverse 
phases bo that an absolute value of the driving voltage to 
30 the driving sub -means 15b is sufficiently greater than an 
absolute value of the driving voltage to the driving 
suo-maana 15a, a portion of the flexure 4 on which the 
driving sub -means I5b is formed has a sufficiently large 
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warp in the dirootion of an arrow Rl, whereas a portion of 
tJie fiexure 4 on whica the .driving suh-maans 15a is formed 
baa a small warp in the direction of an arrow R2. 

5 If the warps in the directions o£ the arrows Rl ^ud 

R2 ^srA restra.lTiAd, a dtflplacement differenca correeponding 
to the 3H2 described with reference to Figures 7B, and 
7G occurs. Ab a result, a rotation movement oceure in the 
direction ol an arrow R3, around a leading end of the 
10 flexure 4* 

Consequently, the slider 2 and the head on the 
fltsxuxe 4 have a rotation movement in the direotlon of the 
arrow H3. 

15 

Xf the polarity and the size of the driving voltages 
applied to the driving sub-meaua 15a and 15b are reversed 
relative to those descrihed above, the driving sub-means 
15a expandfci and the driviug sub-means 15b shrinks, so that 
20 the leading end of the flexure 4 is translated in an opposite 
dlrecLloa of the arrow CI, 

Thus^ according to Emhodlment 8, hy applying 
driving voltages to the sub-means 15a and 15b in reverse 
25 phases, highly precise and efficient micro displacement of 
the head for tracking^ can be realised - 

A variant of the driving prinoiplee for th© head 
support inechaniem aoo according to Eirihodiment 8 will be 
30 doficribed. In this variant^ voltages are applied to the 
driving suD -means isa and l5b. fc'igure 23A is a 

perspective view illustrating the eKpanaion/shrinkage of 
the driving sub-means 15a and 15b formed on the head support 
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mechanism 000 after the application of a thriving voltage. 
Figure 23B a diagram illustrating a state of the driving 
sub-means 15b and the flexure 4 prior to the application 
of a driving voltage - Figure 23C is a diagram illustrating 
5 a state of the driving suh-means 15b and the flexure 4 after 
the application of a driving voltage. 

With refersnoa to Figures 23A to 23C, when driving 
voltages are applied such that the driving sub-meana 15a 
10 and 15b will both ejrpand, the loading end of the flexure 4 
will warp in the direction of the arrow C3. as a result, 
the slider 2 leaves the Burfaoe of the magnetic disk. 

Thufl, according to Embodiment 8# the leading end of 
15 the flexure 4 warps in such a direction that: the slider 2 
will leave the aurf ace of the magnetic diek, whereby friction 
between the magnetic disk and the head 1 carried by the 
slider 2 can be avoided « 

20 Furthermore, when the head fsupport mechanism 80O 1q 

driven according to the aforemenrioned driving principles, 
the head support mechani&m 800 can be utilized as a 
loading/unloading mechanism for the neaa, and accidents 
Bueh as a head crash can be prevented. 



23 



30 



C Embodiment 9) ^. 

Figure 24A illustrates a basic structure for a 
three-electrode type two-stage actuator according to 
smbodiment 9. 

The head support mechanism includes! a slider 2 
which corriea a head element 1 and files or hovers above 
a rotating or running recording medium? a suspension 3 for 
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supporting the same? a flexure 4 for fixing the 
suspension 3; and a signal system (not shown) for 
©loctrieally coupling the head element 1 to a 
recording /reproducing circuit or an inCormation recording 
5' apparatus, such that a whole or part thereof is formed in 
an integral manner. Wiring is achieved via printed circuit 
boards, dircetly or indirectly to the aignal system lead 
wires or ths suspension. A micro-driven actuator, which 
is of an integral form with the auspeneion 3, is disposed 
10 between the slider 2 composing the head element 1 and the 
flsjcure 4, Figure. 2 4B illustrates a basic structure for 
a five-electrode type two- stage acruaror. 

As shown m Figure 24C, this actuator la composed 
15 of stainless steeKabout 15 to 20 (im) as a base inaLerial and 
thin film piezoelectrics composing the driving sub-means 
15a and 15b. The driving sub-mcana 15a and 16b have a bent 
Structure so as to bs perpendicular to a disk surface 7. 
Furthermore/ the driving sub-meana 15a and 15b in Figure 25 
20 are each at an angle o£ 15 or more with respect to a face 9 
perpendicular to the disk surface. 

Moreover*, driving voltages which are reverse - 
phased by 90" arft supplied to the reepective driving 

25 sub -means .15a and 15b, so as to repeat expansion and 
shrinkage- owing, to the expansion/ shrinkage, the 

suspension 3 and slider 2 and the head elcnent 1 fixed to 
the suspanaion 3 rotate as shown in Pignre 
Furthermore, by placing the driving voltages in reverse 

30 phases, ths slider 2 and the head element 1 fixed to the 
suspension 3 rotate in an opposite direction as shown in 
Figure 
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The driving sub-means ISa and X5b are diepoeed eo 
as to be at an angle of about 15° or more with raspftnt to 
th« facd 9 pdrpondioular to the disk eurfaoe. This is in 
ordez to raduc© the influence (air vlscoaltY friction force) 
5 which the slider 2 would receive from the disk rotation in 
the caaa of a small angle [about 0* to Iftp«3 than 15* ) - In 
accordance with the above construction, a highly precise 
track positioning is enabled. 

10 Although stainless steel is amployftd as a base 

material compoaing the actuator, ahy material which 
possesses spring properties and heat resistance and which 
provides a certain level of rigidity even with a amall 
thickness can be used. 

15 

(Embodiment la) 

Figure 27 illustrates a structure of a two- stage 
actuator according to Smbodiment 4. Figure 27 shows a 
restraint alleviation means 80 which is provided on driving 
20 sub-means 15a and 15b, which in turn arft prcvtciftd on the 
actuator. A restraint alleviation means may be provided 
on both sides as shown, or may be provided on only one side. 

in the case where driving sub -means 15a and l5b 
25 without the restraint alleviation means 80 is used, .a moving 
distance (displacement) by which the actuator rotates the 
slider 2 and the head element 1 fixed to the suspension 3 
will ha about 1/4 of the distance by which each one of the 
driving sub -means 15a and 15b alone (i. e. j in a cantilever 
30 fashion) varies. 



The reason behind this is a loss which is generated 
due to the fact that a pair of driving sub-means have both 
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of their ends flxe<a, o., resti-ained. Therefore, by- 
providing restraint alleviation means 80 at both sides of 
the driving sub -means 15a and 15b, the force generated by 
each driving element can be efficiently transmitted to the 
C suspension 3 and the slider 2 and the he^d element 1 fixed 
to the fiuspansion 3* As a result, a large dieplacement can 
be obtained. 

t 

The restraint alleviation means ao is supposea to 
10 minimiae the reptraint on the driving sub'-incans 15a and 15b* 
PosffiDis methods for achieving this include reducing the 
rigidity at both eides of the driving sub-meana I5a and 15b, 
and providing a spring mechanism at both sides of the driving 
0ub -moans ISa and 15b « 

15 

Figure 28A shows a method o£ reducing the rigidity 
at both sides of the driving sub-means isa and ISD* 
Figure 2SB shows an enlarged view of the restraint 
•alleviation means so. 

20 

Ae a method of reducing rigidity, the thlcKness of 
both sides of the stainless steel composing the driving 
sub -means 15a arid 15b as a base material Is reduced. As 
shown in Figure 2SB/ by reducing local thickness, the 
2S rigidity, in the thinned portions SOA decreases, so that the 
fixed portions of the ^riving sub -means 15a and 15b bccoinc 
ready to be warped. 

Consequently, when driving voltages are applied, to 
SO the reapaotive driving sub-meana, the portions BOA having 
a raducad thickness allevlatfl the restraint fnrr-ft on the 
driving sub-meana 15a and 15b, thereby enabling efficient 
transmission to the suspension 3 and the slider 2 and the 
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head element 1 fixed to the suspension 3, Aliihougli 
fitainleffs steel Is ejnployed as a bafl« material composing 
the actuator, any material which posssseas spring 
properties and heat resistance and which provides a certain 
5 level of rigidity even with a small thicXness can be used* 
The fitrudture shown in Figures 28A and 28B may not have to 
be provided on both sides of the driving sub -means 15a and 
15b, but may be provided on only one side thereof to alleviate 
the restraint. However, it is preferable to provide the 
10 structure on both sides- 

Similarly, as a method for reducing rigidity, as 
enown in Figures 29A. 29B. and zsc, born sides sob of the 
driving sub -means 15a and 15b may be locally narrowed; a 

15 triangular portion aoc pointing toward an end may tie formed: 
or a perforated portion SOCmaybc formed. By these methods, 
the rigidity of the driving sub-meahs 15a and 15b is locally 
reduced, so that the restraint ia alleviated and the 
displacement can be efficiently transmitted to tne 

20 , 0uapenaion 3 and the slider 2 and the member 1 fixed to the 
suspension 3* The structure shown m Figures 29H. 
and 29C may not- have to be provided on both sides of the 
driving sub-meahs 15a and 15b, but may he provided on only 
one aide thereof to alleviate the restraint. However ^ it 

23 Is preferable to provide the structure on hoth sides. 

As another method, as shown m Figure fixed 
portions of driving sub-means 15a and 15b (1. e. , both sides 
of the driving suD-means 15a and 15b) may he replacsad by 
SO a material aOB (a soft material) having a lower rigidity 
than the base material, of the driving sub-means 15a and 15b. 
For BXQjnple, any soft material such as polylmide {Kapton® 
type), polyester, polyeulfone, or polytatrafluoroothylena 
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maj be used« 

Bintoodi3nent3 1 to 10 of the present invention 
illustrate the case where the head support machanism is 
5 oomposaa of two major members; a flexure having micro- 
movament driving ffub-mfians, which are separate from the main 
driving means, and having an aMropriate flexural rigidity 
for allowing a slider to follow a waving surface o£ a diaJc; 
and a load beam for pressing the slider toward the surface 
10 of the disk with an appropriate force. 

irho csscnao of the present invention is not limited 
to the ahove. It will he appreciated that various 
Btruoturee can be contemplated in which the head support 
15 mechanism is composed of a plurality of msintjers including 
a first member coupled to a slider at least carrying a head^ 
and a second memher coupled to tracking main driving means ^ 
BUoh that the micro -movement driving means for the he'ad is 
constructed on the first member. 

20 

Bmbodlinents X to lo of the present invention 
desaribod above illustrate, in the case where the head 
support mechanii^m is formed through bending, a structure 
in which features such as the mioro -movement driving 

25 sub-means, driving wiring therefor, and signal wiring are 
provided on one side of a base material in a stage preceding 
the bending. This presents a great manufacturing 
advantage, in the msmufacture of the head support 
mechanism according to the present invention, in that the 

30 processed surface can be limited to one face. However, this 
is not to prficlude a atri^cture in which soma or all of such 
features ore provided on both aides of the base material 
as shown in Figure 14* 
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Embodiments 1 to 10 above degcrib© that the slider 
is caused to stably float at a predetermined lielHht from 
th© magnetic disk s\irf acs owing to the action of an air flow 
5 generated by the magnetic disk. However, a method in which 
a portion o£ an end of the magnetic head on the slider is 

allowed to come in contact with the magnetic disK for nigh 

I 

density recording is also enoomp^oood within the 
embodiments of the present invention. 

10 

Although Embodiments I to 10 Illustrate magnetic 
disk apparatuoee, the pretscnt invention is not limited 
thereto. By adopting a structure similar to the above 
embodiments for information recording apparatuses based on 
15 improvements of stm or afm. an actuator for two- stage servo 
can be constructed, and effects similar to those provided 
by the embodiments can be obtained. 

Although Embodiments 1 to 10 Illustrate tracKing of 
20 a magnetic disk apparatus, the present invention is not 
limited thereto. The present invention is applicable to 
the driving of various actuators. Furthermore^ the 
present invention is applicable to any apparatuses which 
store information on a rotating disk surface, e. g* , optical 
25 disk apparatuses, magneto- opt icea storage apparatuses, 
phase-change type optical disk apparatuses, and the like. 

Moreover, it will be appreciated that the present 
invention is not limited to the aforementioned emoodiments, 
30 and that various modifications are possible without 
departing from the spirit of the present Invantion. 
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(Examples} 

Hereinafter, the- effects of the present invention 
will be described with reference to specif io examples. 

5 An actuator portion was obtained by previously 

etching a etainlese eteel exibetrate into an jaotxiator 
configuration, wltn eiectroaes and thin f llm plazoeiectrics 
formed thereon • Uhe bending of the driving aub-meana 
portions was carried out tarougn presswork using a moid.- 
10 ^Thereaf ter/ a flexible substrate for wiring and the driving 
sub-means portions were electrically coupled by wire 
bonding • 

Thereafter,^ a head support mcohanism was 
15 constructed by combining a slider, a base plate, and a load 
beam. 

Hereinafter, experiments which were conducted by 
using the above will be described. 

20 

(Example 1) 

h& a first experiment , stainless steel was prooeoaed 
into a cantilsvet shape, on which a thin film plazoeiectric 
member (about 2. SA^m) and electrodes were formed. The 
23 displacement of the cantilever obtained by varying the 
stainless steel thickness was measured. The meaaurement 
was performed by measuring the displacement by a laser 
Doppler method* The driving voltages were constantly at 
±JV, and th© frequency was 1 KHa. 

30 

The results are shown in Table 1. 
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(Tfiible 1) 
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From Lho ttbuve rcaults, a tendency was observed such 
that, as the stainlesa steel (which is tha base materiaX of 
B the actuator) becomes smaller la thlcHness, the rigidity 
Is weakened and the displacement is incrsased* 

(S^comple 2) 

10 As a Beeond experiment , an actuator having restraint 

alleviation means constructed thereon was produced and its 
displacement was measured. The baeic actuator structure 
was as follows: the driving sub -means each constituted an 
angle of 60° with a plane perpendicular to the dia3<? the 

15 stainless steel tniclciess was iOjCxmr and the thin film 
piezoelectric had a thickness of 2. Bflm- 

As the restraint alleviation means j as shown in 
Figures 23A cind 28B, the thicXness of both sides of the 
20 stainless steel base material composing the driving element 
portions was reduced as a means of weakening rigidity, 
thereby alleviating the restraint • A wet etching method 
was used. The measurement was performed by measuring the 
displacement by a laser Dopplsr method • 

23 

a?he results arc shown in Table 2. 
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(Table 2) 
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From the above reaful tsi « tendency' wss observed such 
that. In tha oas© wh©r©' th© thickness of both siddc of tha 
S s^tainless steel base jnateriol composing the driving element 
portions was reduced so as to allftviata the restraint, a 
larger displacement was obLained aH th© restraint was 
allftviated more by reducing more thickness from both sides . 

10 

(Example 3} 

As a third eacperiment , as in Exampla 2 , an actuator 
having restraint alleviation means constructed thereon was 
produced and its displaoement was measured. The basio 
15 actuator structure was as follows 5 the driving sub-means 
each constituted an angle of 60 ' with a plane perpendicular 
to the disK? the stainiees steel thickness was 20 Mm? and 
the thin film picaooleotric had a thickness of 2. S^im. 

20 With respect to the restraint alleviation maane^ 

as a means for weakening rigidity, one. side of the stainless 
steel composing the driving element portions was shaped into 
■ a thin triangle as shown in Figure 29B . thereby alleviating 
the restraint. A wet etching method was used. The 

25 measurement was performed by measuring the displacement by 
a laser Dopplcr method . As a result , the triangular driving 
elements provided about 1. 5 times more displacement than 
atrip -shaped driving elements. 
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(Ex&mple 4} 

As a faurth experiment, an actuator having 
5 irestreiint alleviation means oonstruoted th&reou W«a 
produced and its displacement was measured. The basic 
actuator struoluJi^e was as follows; the driving sub-means 
eaoh oonstituted an angle of 60 with a plane perpendicular 
to the OlsK? the stainless steel tuicicness was 20 am: ana 
10 the thin film picaoclcotrio had a thiokneaa of 2. S^m* 

As for the restraint alleviation means ^ as shown 
in Figure fixed portions of the driving sub -means were 

formed by using polyimlde {Kapton®), a material having 

15 weaker rigidity than that of tne base material of the driving 
oub-moans* Tho polyimide had a thiokncss of 12 /zm, *rhe 
polyimid© and thts base material of the driving sub-meana 
(etainlese steal) was jointed with an adhesive. The 
measurement was performed by measuring the displacement by 

20 a laser Doppler method- As a result, about 1. 9 times more 
displacement was obtained than the case where the fixed 
portions of the driving sub -means were not formed of a 
material having weaker rigidity.' 

25 

C Example 5) ^ 

As a fifth experiment, an actuator having 
restraint alleviation means oonetruoted thereon was 
produced and its displacement was measured. The basic 
30 actuator structure was as follows i the driving sub-means 
each constituted an angle of 60* with a plane perpendifiular 
to the disk; the stainless steel thickness was ZOA^m? and 
the thin film piezoelectric had a thickness of 2, 5jE.im, 
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As for tne restraint alleviation means, as shown 
in Figures 3 OA and 30B, several notohoe were provided at 
T3otti siaes of tbe Orivlng BUti-means, and zhese portions were 
bent through preesworJ? uaing a mold. 

By gradually bending the notched portions r the 
driving eub-m©ans are approximately 90* with respect to the 
diek aurface without having a crease. 



Sine© the notches were providedj the electrodes on 
thft driving sub-means portions WAra allowed to toe gradually 
bent during the bending process/ so that they ware able to 
be positioned on a face rotated by 90 * without being 
15 destroyed. measurement was performed by measuring the 

displacement by a laser Doppler method. As a result, about 
3 . 1 times more displacement was obtained than the ease where 
the restraint alleviation mechanism was not employed. 

20 SI mi i.ar measurements were taken by provl.mng the 

restraint alleviation mechanism on one side o£ the driving 
sub -means wnere tiie slider was affixed, rather than botn 
sides of the driving aub-means. As a result, about 2 to 
3 times more displacement Wae obtained than the case where 

25 the restraint alleviation mechaniam was not employed. 



INDUSTRIAL APPLICABILITY 

Thus, according to the present invention, there is 
30 provided an outstanding effect in that high-speed and 
high-precision tracKlng is realized so as Lo be compatible 
with narrow track pitches required due to an increasing 
recording density, with ease of production and with a low 
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driving voltage at a practical level. 
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CLAIMa 

1. A head support mechanlsnj comprising a. head and a slider 
for carrying the haad, th& head being caused to track by 

5 main driving means, wherein: 

tha haad support maohanifim further comprleee driving 
sut) -means comprising a thin film ana causing the head to 
have a micro-moveinent ; and 

the driving suh-means causaa the head to have a 
10 micro- mo vomont by utillaing flcscural deformation o£ the 
thin film. 

2, A head support jnechanism according to claim 1, wherein 
the thin film has a film thickneea equal to or lose than 

15 lOlim. 

3, A head support mechanism according to claim wherein i 

the thin film io formed on a base material and has a 
film thia]€nass equal to or lass than 10 Mm? and 
20 the thin film is formed on the bnae material by using 

a film growth process* 

4. A head swpott mechanism according to claim 3, wherein 
the film growth process comprises a direct film growth 

25 process 

\» 

5* A head support mechanism according to claim 3, wherein 
the film growth process comprises a transcription process ♦ 

SO 5* A head support mechanism according to claim 1, wherein i 
thft hfiad support maabanl?sm includes a plurality of plate 
spring portions disposed in a radial arrangement from a 
rotation center; 
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the driving sub-means Is formed on th© plurality of plate 
spring portions; and 

the driving gub-rasans rotate© the slider around the 
rotation center, causing the head to havts a miuru-movement 
5 along a tracking direction, 

7, An Information roaording/reproduolng apparatus 

comprising s a head support mechanism having a head and a 

slider for carrying the head; main driving means for oauoing 
10 the head to tracK via the head support meohamism, so that 

information on a disk ie reoorded/reproduocd by means of 

the headf wherein: 

the head support machaniam comprises driving aub -means 

comprising a thin film and causing the head to have a 
15 micro -movement? and 

the driving suh-means causes the head to have a 

micro-movement by utilising flexiirai deformation of the 

thin fiim- 

20 5. An information recording/reproducing apparatus 
acoording to claim 7, wherein the thin film is formed so 
that the thickness direction substantially colncidfis with 
a tracking diredtion of the head. 

25 9 . An . information recording/reproducing appairatus 
according to claim 7,^ wherein the thin film has a film 
thickness equal to or less than lOAim- 

10, An information recording/ reproducing apparatus 
30 according to claim 7, wherein a main portion of a member 
comprised by the driving sub-means is disposed in a space 
within the thickness, from the disk surface, of the slider 
along a height direction. 
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11 • An Information recording/reproducing apparatus 
according to claim 7, wherein the driving sub -means is in 
the vicinity of a position along a height direction from 
5 tne dlsK siirfaae of a oentar of gravity of the slider. 

12. An intormarion recording/reproducing apparatus 
according to claim 7, wherein the head support mechanism 
includes a plurality of thin plate spring portions formad 

10 substantially perpendicular to the disk surface. 

13. An information recording/reproducing apparatus 
according to claim 12^ wherein i 

the driving sub-mcana further comprises a Tsase mfxterial 
15 to function as an actuating plate; and 

the base material comprises a Qpxlng material* 

14. An information recording/reproducing apparatus 
according to claim 7, wherein the driving suh-moans is of 

20 a piezoelectric type, electrostatic type, eleotromagnetic 
type, magnatostrlctlve type, or shape memory alloy t3fpe- 

15. An information recording/reproducing apparatus 
according to claim 7, wherein the driving ffub-means 

23 comprisas a piezoelectric matarial, elactrosT.rlGtlve 
material, or magnetoejtrictivc material, 

IG. An information recording/ reproducing apparatus 
according tn claim 1, wherein the head support manhanlam 
30 comprises : 

a first member coupled to the slider? and 

tt secuxid member coupled to the main driving means, 

wherein the driving eub-meane is formed on the first 
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member. 



17 • An information recording/reproducing apparatus 
according to elaim 16, whorein the first member oompriees 
5 a flexure for causing the slider to follow tlie disk surface. 

18. An information recording/rBproducinfl apparatus 
according to claim 7j wherein $ 

the first member further comprises a rhin metal plate? 
10 the thin metal plate includes a bent portion which is 

formed by ben ding j emd 

the driving sub-moans is formed on the b^nt portion. 

y[| IS?. An information rccorfiing/reproducing apparatus 

2 15 according to claim IB^ wftereini 

SI the bant portion is bent in a direction which is 

=g substantially perpendicular to the disJc jeurfaca; and 

J2 the bent portion includes e grooved portion for 

enhancing the processing precision of the bending, 

Q 20 

20. An information recorfiing/ reproducing apparatus 
Q according to claim 18, wherein; 

r| the bent poirtlon is farmed so that its bent height 

dimenaion is amaller than a dimension of the slider along 
23 a first direction which is a rotation axis dlraction of th© 
disk; and , 

a dimension of the driving sub -means along the first 
direction is smaller than the dimension of the slider along 
tha first direction. 



30 



21. An information recording /reproducing apparatus 
aocorfiing to claim 7, wherein: 

the head support machaniem further comprises a driving 
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sub-means formation member on which the driving sub -means 
is formed; and 

recordingy reproducing signal wiring coupled to the head 
is rorroea on tha driving sub-means formatiua niember. 

5 

22* An information recording/reproducing apparatus 
according to olaim 7, wherein* 

the head supporr mechanism includes a plurality of 
patrallel spring portions formed substantially 
10 perpendicular to the dlsJc surface; 

the driving sub -means is formed on the plurality o£ 
parallel spring portions: and 

the driving eub -means translates the head along a 
tracking direction. 

15 

.23. An information recoraing/reproducing apparatus 
according to claim 7, whereim 

the head support mechanism includes a plurality of plate 
spring portions disposed in a radial arrangement from a 
20 rotation center; 

the driving 0Ub -means is formed on the plurality of plate 
spring portions.- and 

the driving ' sub -means rotates the slider around the 
rotation center, and causes the head to have a micro -movement 
2S along a tracking direction. 

24 . An information recording/reproducing apparatus 
according to claim Z3, wherein the plurality of plate spring 
portions comprise a plate spring portion having a 

30 longitudinal direction along the tracking direction. 

25 . An information recording/reproducing apparatus 
according to claim 23 , wherein the plurality of plaLe spring 
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portion© compriae a plate spring portion having a 
longitudinal diraotion along a direction substantially 
perpendicular to the tracking direction. 

5 26. An infoxmation rsoording/rsprotiuclng apparaLus 
according to claiin 7, wherein the head support mechanism 
comprises a pair of deriving sub-means* 

27. An infoiintttiun rooordlng/repx-oduaing apparatus 
10 according to claim 1, wherain the driving eufa-meane is 

located so as to be substantially parallel to a direction 
in which the elider is dispo0ed. 

28, An information recording/reproducing apparatus 
15 according to claim 7, wherein the driving sub-means are 

disposed in such a manner that extensions of directions In 
which the driving sub-moaas are disposed constitute 
predetermined angles with respect to an extension of a 
direction in which the slider is disposed, so as to intersect 
20 at a leading end of the head 0upport mechaniem. 

29, An information recording/reproducing apparatus 
according to claim 23, wherein the driving sub -means 
constitutes an angle equal to or greater than 15° with a plane 

25 perpendicular to disk surface, 

30. An Information rsoordlng/reproducing apparatus 
according to claim 7, wherein i 

the head support mechanism further comprises a first 
30 member coupled to the slider j 

the driving sub-means is formed on the first member; 
and the driving aub-raeana are dioposed in such a manner that 
a nantar of gravity of the firsit member is located in the 



2001^ 3.^14. 23:24 



Y.WJ«TO OSAKA 



- 70 - 

vicinity of an intersection "between extensions of 
directions in which the driving sub-means are dieposed. 

31- An information recording/rsproducing apparatus 
5 aauordlfig tu claim 7, wliereia the head support mechanism 
comprises two or more pairs of driving cub-mdane- 

32. An information recording/reproducing apparatus 
according to claim 7, wherein the driving sub -means is 

10 formed by using a eemiconduator prooese, 

33. An information recording/reproducing apparatus 
according to claim 7, wherein the driving suia-means 
comprifififi restraint allaviatlon moans for restraining at 

15 least a porrlon of the thin film. 

34. An information recording/reproducing apparatus 
according to claim 33 > wherein the restraint alleviation 
means comprises means for wea}cenlng zhe rigidity of the 

20 driving sub -means. 

35. An information recording/reproducing apparatus 
according to claim 33, wherein the restraint alleviation 
means compriee© a spring structure. 

2G 

36. An information , recording/ reproducing apparatus 
according to claim 33, wherein the restraint alleviation 
means oomprisee a low rigidity material. 

30 3 7. An information recording/ reproducing apparatus 
according to claim 33, wherein the restraint alleviation 
means comprises wiring for applying to the thin film a 
driving voltage for driving the thin film. 
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38, An information recording/reproducing apparatus 
according to claim 7, wherein the information 
recording/ reproducing apparatus further comprises control 
5 means for controlling the main driving means and the driving 
sub -means. 

39* An information recording/reproducing apparatus 
according to claim 7, wherein: 
10 the thin film is formed on a base material? and 

the thin film is formed on the base material by using 
a film growth process. 

40. An information recording/reproducing apparatus 
15 according to claim 39, wherein the film growth process 

comprises a direct film growth process. 

41. An information recording/reproducing apparatus 
according to claim 40, wherein the thin film comprises a 

20 metal film, an underlying layer, a thin film piezoelectric, 
and a metal electrode film, which are sequentially layered 
on the base material. 

42. An information recording/reproducing apparatus 
25 according to claim 40, wherein the thin film comprises an 

insulation film, a mel;al film, an underlying layer, a thin 
film piezoelectric, and a metal electrode film, which are 
sequentially layered on the base material, 

30 43. An information recording/reproducing apparatus 
according to claim 40, wherein the thin film comprises a 
metal film, an underlying layer, a thin film piezoelectric, 
and a metal electrode film, which are sequentially layered 
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on the tase material in a vacuum chamber. 

44. An information recording/reproducing apparatus 
aocordlng to claim 40, wherein the thin film comprises an 
5 insulation film, a metal film, an underlying layer, a thin 
film piezoelectric, and a metal electrode film, which are 
sequentially layered on the base material in a vacuum 
chamber . 

10 45. An Information recording/ reproducing apparatus 
according to claim 40, wherein: 

the thin film comprises a metal film? and 
the metal film is formed by either a vacuum process or 
a process in a liquid. 

15 

46. An information recording/reproducing apparatus 
according to claim 39, wherein the film growth process 
comprises a transcription process . 

20 47. An information recording/ reproducing apparatus 
according to claim 46 , wherein the thin film is formed of 
a multilayer film having a metal film, a thin filjn 
piezoelectric, atn underlying layer, and a metal electrode 
film, adhered on the base material. 

25 

48. An information , recording/ reproducing apparatus 
according to claim 39 , wherein the thin film and the slider 
are disposed along a tracking direction of the head. 

30 49. An information recording/reproducing apparatus 
according to claim 39, wherein the thin film is formed on 
the base material in such a manner that the thickness 
direction substantially coincides with a tracking direction 
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Of the head. 

50 • An information recording/reproducing apparatus 
according to claim 39^ wherein the thin film is formed on 
5 the base material in such a manner that the thickness 
direction is substantially perpendicular to the disk 
surface* 

I 

51. An information recording/reproducing apparatus 
10 according to claim 39, wherein: 

the base material is elastic; and 

the base material has a thickness such that a f lexural 
rigidity required for allowing the slider to follow the 
waving disk surface and a displacement required for tracking 
15 are both obtained. 

52 . An information recording/reproducing apparatus 
according to claim 51, wherein the thickness of the base 
material is equal to or greater than 0.3 Mm and equal to or 

20 lees than 50 /im. 

53. An information recording/reproducing apparatus 
according to claim 39, wherein the base material is formed 
of stainless steel. 

25 

54. An information , recording/reproducing apparatus 
according to claim 39^ wherein the base material is formed 
of silicon. 

30 55. An Information recording/reproducing apparatus 
according to claim 39 ^ wherein: 

the thin film comprise a thin film piezoelectric; and 
the thin film piezoelectric is formed by an rf 
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sputtering method, an Ion beam sputtering inethoa, a sol-gel 
method, a CVD method, or a laser ablation method. 

56. An information recording/reproducing apparatus 
5 according to claim 55, wherein the thin film piezoelectric 

comprises a PZT film. 

57. An information recording/reproducing apparatus 
according to claim 5S , wherein the thin film piezoelectric 

10 comprises a ZnO film. 

58. An information recording/reproducing apparatus 
according to claim 55, wherein the thin film piezoelectric 
comprises a PVDF film. 



15 



20 



59 . An information recording/reproducing apparatus 
according to claim 39^ wherein the thin film is foimed on 
both sides of the base material so as to interpose the base 
material therebetween. 



60- An information recording/reproducing apparatus 

according to claim 39, wherein: 

the thin fillri comprises a thin film piezoelectric; and 
the thin film piezoelectric is entirely covered by an 
25 insulation film. 



'61. An information recording/ reproducing apparatus 
according to claim 60, wherein the insulation film 
comprises a material whose main component is polyimide^ an 
30 SAM film, an LB film, or a nitride. 



62. An information recording/reproducing apparatus 
according to claim 7, wherein; 
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the thin film comprises a pair of thin films; 

the pair of thin films are disposed substantially 
parallel to the disX surface? and 

voltages having reverse phases are applied to the thin 
5 film provided on one side of the head and the thin film 
provided on the other side of the head so that the thin films 
warp in opposite directions. 

63. An information recording/reproducing apparatus 
10 according to claim 7, wherein: 

the thin film comprises a pair of thin films; 

the pair of thin films are disposed substantially 
parallel to the disk surface? and 

voltages having the same phase are applied to the thin 
IS film provided on one side of the head and the thin film 
provided on the other side of the head so that the thin films 
warp in the same direction. 

64. An information recording/ reproducing apparatus 
20 according to claim 39, wherein the thin film comprises an 

underlying layer. 

65. An information recording/reproducing apparatus 
according to claim 64, wherein the underlying layer 

25 comprise^s a PT layer, a PLT layer, a PBTi03 layer, an SrTiOS 
layer, or a BaTi03 layer. 

66. An information recording/ reproducing apparatus 
according to claim 65, wherein the PLT layer contains 

30 substantially no Zr. 

67. An information recording/reproducing apparatus 
according to claim 64, wherein: 
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the thin film comprises o, metal film which is layered 
adjacent to the underlying layer; and 

the metal film comprises either a platinum film or a 
titanium film. 

5 

68. An information recording/reproducing apparatus 
according to claim 39, wherein the base material includes 
wiring for applying a voltage to the thin film. 

10 69. An Information recording/reproducing apparatus 
according to claim 68, wherein the wiring is formed after 
the thin film is formed on the base material. 

70. A method for manufacturing a head support mechanism 
15 comprising a head and a slider for carrying the head, the 

head being caused to track by main driving means, wherein: 
the head erupport mechanism further comprises driving 
sub-means comprising a thin film and causing the head to 
have a micro -movement; the driving sub-means causes the head 

20 to have a micro -movement by utilizing f lexural deformation 
of the thin film; the thin film is formed on a base material; 
and the thin film is formed on the base material by using 
a film growth process, comprising? 

a first step of forming the thin film on the base material 

25 by using, a film growth process; and 

a second step of aljtaching the slider carrying the head 
onto the base material - 

71. A method for manufacturing a head support mechanism 
30 according to claim 70, wherein the first step comprises a 

third step of forming the thin film on the base material 
by using a direct film growth process. 
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12. A method for manufacturing a head support mschanlem 
according to claim 71, wherein the third step comprises a 
fourth step of sequentially layering a metal film, an 
underlying layer, a thin film piezoelectric, and a metal 
5 electrode film on the base material - 

73. A method for manufacturing a head support mechanism 
according to claim 71, wherein the third step comprises a 

• fourth step of sequentially layering an Insulation film, 
10 a metal film, an underlying layer, a thin film piezoelectric , 
and a metal electrode film on the base materials 

74. A method for manufacturing a head support mechanism 
according to claim 71, wherein: 

15 the thin film comprises a metal film; and 

the third step comprises a fourth step of forming the 
metal film by either a vacuum process or a process in a 
liquid • 

20 75, A method for manufacturing a head support mechanism 
according to claim 70, wherein the first step comprises a 
third step of forming the thin film on the base material 
by using a transcription process- 

25 76, A method for manufacturing a head support mechanism 
according to claim 75^ wherein the third step comprises: 
a fourth step of sequentially layering a metal film^ 
an underlying layer, a thin film piezoelectric, and a metal 
electrode film on a transcription substrate; 
30 a fifth step of adhering the base material to a layering 

surface of the transcription substrate; and 

a sixth step of removing the transcription substrate 
from the metal film. 
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77. A method for manuf acturlng a head support mechanism 
according to claim 76, wherein the transcription substrate 
is formed of MgO, sapphire ^ strontium titanate, or silicon. 

5 

78, A method for manufacturing a head support mechanism 
according to claim 70, wherein the base material Is formed 
of stainless steel, 

10 79. A method for manufacturing a head support mechanism 
according to claim 70, wherein the base material is formed 
of silicon, 

80. A method for manufacturing a head support mechanism 
15 according to claim 70, wherein: 

the thin film comprises a thin film piezoelectric; 
the first step comprises a third step of forming the 
thin film piezoelectric by an rf sputtering method, an Ion 
beam sputtering method, a sol-gel method, a CVD method, or 
20 a laser ablation method, 

81. A method for manufacturing a head support mechanism 
according to cla-lm 70, wherein the first step comprises a 
third step of forming the thin film on both sides of the 

25 base material so as to interpose the base material 
therebetween . 

82. A method for manufacturing a head support mechanism 
according to claim 70, wherein: 

30 the thin film comprises a thin film piezoelectric; and 

the first step comprises a third step of forming the 
thin film piezoelectric. 
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83, A methocL for marxufacturing a head support znechanism 
according to claim 82, wherein the thin film piezoelectric 
comprises a PZT film. 

5 84, A method for manufacturing a head support mechanism 
according to claim 82, wherein the thin film piezoelectric 
comprises a ZnO film. 

. 85. A method for manufacturing a head support mechanism 
10 according to claim 82, wherein the thin film piezoelectric 
comprises a PVDP film. 

86. A method for manufacturing a head support mechanism 
according to claim 70, wherein: 
IS the thin film comprises a thin film piezoelectric; and 

the first step comprises a third step of entirely 
covering the thin film piezoelectric with an insulation 
film. 

20 87. A method for manufacturing a head support mechanism 
according to claim 86, wherein the Insulation film 
comprises a material whose main component is of polyimlde, 
an SAM film, an. LB film, or nitride. 

25 88* A method for manufacturing a head support mechanism 
according to claim 70^ wherein the first step comprises a 
third step of forming the thin film on both sides of a 
position at which the head is attached with respect to 
tracking direction of the head. 

30 

89. A method for manufacturing a head support mechanism 
according to claim 70, wherein: 

the thin film comprises an underlying layer? and 



20011 3^148 23:22 



S. YAMAMOTO OSAKA 



- 80 - P214B0 

the first step comprises a third step of forming the 
underlying layer- 

90. A method for manufacturing a head support mechanism 
5 according to claim 89, wherein the underlying layer 
comprises a PT layer, a PLT layer, a PBTi03 layer, an SrTi03 
layer, or a BaTi03 layer* 

91 • A method for manufacturing a head support mechanism 
10 according to claim 90, wherein the PLT layer contains 
substantially no Zr. 

92. A method for manufacturing a head support mechamism 
according to claim 89, wherein the first step comprises a 
15 fourth step of forming a metal film which is layered adjacent 
to the underlying layer; and 

the metal film comprises either a platinum film or a 
titanliam film. 

20 93. A method for manufacturing a head support mechanism 
according to claim 70, wherein the method for manufacturing 
a head support mechanism further comprises, after the thin 
film is formed on' the base material, a third step of forming 
wiring on the base material for applying a voltage to the 

2S thin film. 
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ABSTRACT 

A head support mechanism comprises a head and a 
slider for carrying the head, the head being caused to track 
5 by main driving means, wherein: the head support 
mechanism further includes driving sub-means comprising a 
thin film and causing the head to have a micro -movement; 
and the driving sub-means causes the head to have a 
micro -movement by utilizing flexural deformation of the 
10 thin film. 
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Declaration and Power of Attorney For Patent Application 

English Language Ddelaration 

As a below named Inventor, I hereby declare that; 

My residence, posi office address and citizenship are as stated below next to my name, 

I befieve i am the original, first and sole inventor (If only one name is listed below) or an original, 
first and joint inventor (If plural names are listed below) of the subject matter which is claimed 
and for which a patent Is sought on the Invention entitled 

HEAD SUPPORT MECHANISM: INFORIVIA TI ON RECQRDIiyiG/REPF^QDUCING APPARATUS. AND 

METHOD OF MANUFACTURIMQ HEAD SUi^P QRT MECHANISM . 

the specifioatiDn of which Is attached hereto unless the following box Is checked; 

^ was filed on f^arch 16. 2001 as no. 09/787,480 

United States Application Number or PCT International Application Number PGT/JP99/Qa061 

and was amended nn March 16. 20D1 (If applicable). 
. hereby slate that I have revlBwed and understand the contents of the above identifled specificatton, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose infonnation which is matenal to patentability as defined In 37 CFR § 

i.se. 

I hereby claim foreign priority benefits under 35 U.S.C. §11B(a)-(d) or § 366(b) of any foreign 
appI[catlon(s) for patent or Inventor's certificate, or § 365(a) of any PCT international application which 
designated at least one country other than the United States, listed below and have also identified 
below by checking the box, any foreign application for patent or Inventoi^s certificate, or PCT 
International application having a filing date before that of the application on which priority Is claimed: 
Prior Foreian ADpllcatlonfs) Priority Not Claimed 



10-261147 


Jaoan 


16/00/1008 


(NiimberO 


(Country) 


(Dayfltonth/Yttar Filsd) 


10-334302 




25/11/1098 


(Number) 


(Country) 


(Day/Month/yeer Filed) 


11-052015 


Japan 


26/02/1000 


(Number] 


(Country) 


(Day/Month/Yeer Filed) 



□ 
□ 
□ 



I hereby claim the benefit under 35 U.S,C. § 119(e) of any United States provisional applicatlon(8) 
listed below. 



(Application Numb«r) 



(Piling Date) 



(Application Number) 



(Filing Dato} 



I hereby claim the benefit under 35 U,S,C. § 120 of any United States applicatlon{s), or 365(c) of any 
PCT International application designating the United States, listed below and, insofar as the subject 
matter of each of the claims of ttiis application is not disclosed in the prior United States or PCT 
Intematlonal application in the manner provided by the first paragraph of 35 U.S.C. § 112, i 
aclcnowledge the duty to disclose Information which is material to patentability as defined in 37 CFR § 
156 which became available between the filing dale of the prior application and the national or PCT 
international filing date of this application: 
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(Applioation Number) 



(Filing Dfiia} 



{Status * patented, pending, abandoodd) 



(AppHcatlon Number) 



(Filing Dat6} 



(Status - patamed, pending, abancfoned} 



POWER OF ATTORNEY: As a named inventor, I hereby appoint the following dttorney{s) and/or 
agant(s) to proaeeut© this application and transact all buelneee in the Patent and Trademark Office 
connactod there with; 



Paul F, Preeifa 

AHan Retner 

Andrew L my 
Konnalh K Nigon 
Kevin R, casdy 
Benjanrtin E Laaco 
Jame& a Simmons 



Keg. No^23,03j 

Reo. No. 2Q,3Q0 
Reg. No.j»4^ 
Refl. Na.a2al7 
Reg. Ho.M^ 
Rag. Na 24,842 



Lawrence E. Asnefy 
Chrittophar R. Lawls 
Robert L Andaman 
Joshua L. Cohan 
Daniel n, calder 
Louis W. Beerdell, Jr. 
Jacques u EtKowicz 



Res. No. 34,515 
Rag. No. 36^201 
RSQ. N0."25.771 
R©9. No, 35.040 

Reg. No, 

Reg. No.ia§fl£^ 
Rsg. No. 41J3a 



JacKJ, Jankovltz 
Janathon H. Spadt 
ChrlBtopher I. Haliidsy 
Sootf A. Mckaown 
Stanley N. Pratigal 



Reg. No. 42.6SQ, 
Res. WO'iUSi, 
Reg. No.^J2t 
Reg. NQ.j«,6e9. 

Rag- No. ?zMr 



Address ail con^spondenca to: Andrew L. Nev 

gtner & Prefiria. Sufta^^^ One Westlakes, Benwn. P.O. Box 980.jvgilgv£^ 
Adarasaairtalephone calls to: Andrew L Nev at fSIQ) 407^0700. ' 



I hereby declare that all statements mad© herein of my own knowledge are true and that al 
statemente made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable 
by fine or imprisonment, or both, under Section 1001 of TIlie 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued thereon 



Full name of sols or first inventor (gJven name, family name) K^zuo YOKOYAHflj \ 



invantors Signature 

Residanca Oaaka. Japan ^fyl 
Ciflzsn&hlp Japanflfifl 

Post Office Addraaa 1-,^0-7 t<!tevama Hirakate.flhl 
Osaka 573,01 71 Jflpan 

Full name of eocond joint inventor, If any (glvon name, femSy nemo) Shlnfchl YAMAMOTO 



Date Jg//7P .^^/ 



Second Inventoi'a signature ^^S^i^tC^ ^^^llfrt^44fi^^ 
Reaidenca Oaaka. Japan ^Jfi^ ^ 

Cliteanahlp Japanesa 

Pojil Office Address 174-10. Kuzuha menEorl. HiraKaia-shl 
.Qjsalsa gram ma Japan 



Date Juif^ ¥- . 
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Full nams of third Joint Inventor, if any (given name, family name ^ Yousuka IRIS 

Third Inventor^a algnatura Date Juh e ^A, / 

y^eaidencg^ rjara. Japan \J 
Citizenchip Jananege 

Ptidl Ornutt Adiirtsfis 44^03. TBurumaldanchl. Iban. Tsurumalhloashlmach! 
Nare^hl. Nsra 031-0021 Japan 

Full name of founh Jatnt Inventor, If any (given name. Tamily name) jjiri efci kuwajima ^ 

Fourth InyantDfa Blgnatuw M^cUiU KaU'^^^^ ^ Date Jf/^e ^. 

Residence J<votQ. Japan J /y* 

Post Omce Address 3S>5. ShimobettonBho. Kliashlrakawa. 5akVQ-ku 
lCvntn,flhl Kvf>fftfinft>ft?8S Japan 

Full name of fifth Joint inventor, if any (given name, family name) KawlehF SAKAMOTO 

Fiflh invantort Blgnature p^M^J.^ ^X^sA^uht^ Date u^>»f , I 

RGaldanceflg^aJaem sJr \/ 
Citizanshfp Jcnanese 

Post Office Address 1-A>ng23. Uanohlffaahl. Tovonaka-ahl 
Qeaka 560-0015 Jspan 

Full name of sixth joint Inventor, If any (given name, family name} Keoru MAT5UOKA 

Sixth Invontor-e elanatura l!^^^ ^ .^Li ^ ^ ^^J^I ^^^^^ Date Jutfe ^-0^1 

Reeldence Oeakn, Japan 
Citlzonahip Jaoaneae 

Post Office Address ZAAl, Morlsholl. Aaalii-ku. Ogaka-ahl 
Osaka 535>QQ13 Japan 

Full name of seventn loint inventor, if any (given name, tanriiiy name ) Jaa&uJSa ilNQ 

aeventh Inventor's signature J ^^r^ 4^ ^>t^Vfe. Liate Jun^ >^CfOl 

Resldftfics Nara. Japan ^ P\C 

atizensntDli^iQ.es.Q 

Post Office AddfesB &'7-22. Tezukavama. Nera^slil 
NaraBBI-nnsgJanan 

Full name of elQhlh /olnl inventor, I f any (giv en name, family name) Satopu FUJI! 

Eiflhth invanlor's slnnatura ^tumt. J^pJ^ ^ ^ ' Date Ji^hP ^ ^^^^ 

Rasldanca n??la,Jaffgn 
Citizenship Japanese 

Post Offles AddresB 1^14-12T9ukawekl. Takatauki-ahl 
Oaakfl 569-1036 Jepan 
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